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ABSTRACT
This thesis studies the integration of public transportation systems, focusing on the
development of strategies to implement such goal for networks operated by different
service agencies. A literature review on public transportation integration is initially
presented, its main conclusion being that, even though many studies have identified a
range of integration practices, only a few describe strategies to implement and materialize
them in a multiagency context.
The province of Gipuzkoa, in the Basque Country of Spain, is used as a case study to
develop strategies which facilitate integration among different transit agencies. After
describing the current services of the different agencies, two specific cases of integration
are analyzed: fare integration between interurban and urban bus services in Donostia-San
Sebastian and connectivity improvements between rail and bus services.
The first case is analyzed quantitatively in great detail, given the availability of smartcard
data describing the current utilization of the systems. This critical component of the work
was possible thanks to the fare media integration agreement reached previously by the
two agencies. The processing of the data on the use of the smartcard, reveals that not
only transferring passengers are benefiting from the integration, which was the original
intent of the agreement. In fact, regular urban passengers are also migrating to the
interurban card due to a supposedly higher user convenience. Given the revenue sharing
agreement subscribed by the two agencies, this migration implies unexpected high costs
for the interurban agency. Since this agreement could obstruct further integration
improvements, alternative agreements are proposed and evaluated. A recommendation is
made for a new agreement that would lead to either reduced or free transfers without
imposing high cost on either agency, while increasing their incentive to pursue further
integration practices.
In the second case, a connectivity improvement plan between rail and bus services is
proposed. This plan prioritizes the available connectivity improvements not only according
to their cost-benefit ratio, as the process regularly used by a single agency, but also with
respect to whether the improvement could be implemented by a single agency or
whether it requires interagency negotiations. Further research on integration is proposed
for Gipuzkoa based on the expected future integration of rail services into the current
smartcard used in the bus system.
Thesis Supervisor: Mikel Murga
Title: Lecturer of Civil and Environmental Engineering
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Chapter 1
Introduction
At a regional level often there is more than one transit agency providing public
transportation services. These agencies are generally controlled by different governmental
levels (e.g. local, state or national) and may have exclusive rights to provide service within
a given jurisdiction. The incentive for each transit agency is then to focus on its own
ridership, using those numbers as the main measure of success, while protecting
themselves against other agencies "stealing" their passengers in areas where services
overlap. As regions grow and home-to-work relationships extend beyond the boundaries
of local jurisdictions, the number of passengers that need to transfer among services
operated by different agencies (generally one local and one regional) grows. However,
public transportation cannot be a viable alternative, unless transit agencies change into a
more holistic business model, involving coordination and service integration practices.
These considerations are not a recent concern. Several cities in Europe and in the
US have been successful in implementing service integration practices for public
transportation among different service providers. In the US, the San Francisco Bay Area is
a notorious example thanks to the existence of a regional transportation organization in
the Bay Area, who promoted the establishment of regional interchange facilities,
coordination of schedules, provision of a single source of public transportation
information and implementation of a regional fare instrument based on smartcard
technology (Miller, 2004). In Europe, cities like Barcelona, London and Munich have
successfully implemented integrated transport policies, not only among different public
transportation services, but also among different modes such as cars and bicycles (WS
Atkins, 2001).
While several studies describe the practices implemented in different regions with
respect to public transportation integration, just only a few of them mention the
challenges faced due to the institutional division among agencies, and the way they were
resolved. As a result, other regions may be aware of the practices that lead to better
integration, but not about the strategies required to achieve success in a multiagency
context. This thesis proposes strategies aimed to integration among transit agencies by
analyzing the case of a particular region, the province of Gipuzkoa in the Basque Country
of Spain. There, several transit agencies operate and, only recently, their integration is
receiving increasing attention while initial efforts are under way. However, institutional
barriers, as expected, pose challenges to the consolidation of this process. The lessons
learned from Gipuzkoa are expected to be useful for other regions working towards public
transportation integration, especially in a context with different transit agencies.
1.1 Objectives
The overall objective of this thesis is to provide recommendations that lead to
improvements in service and fare integration between different public transportation
systems in Gipuzkoa. Given the data available from the different systems during the time
this thesis was developed and the relative importance of enhancing different aspects of
integration in Gipuzkoa, this general objective is divided into two specific goals:
1. To propose and evaluate strategies for fare integration between the interurban
bus system of Gipuzkoa and the urban bus system of San Sebastian (the capital
city).' These strategies refer to the implementation of transfer fare discounts and
the establishment of different fare media options between the two transit
agencies that manage the systems, including agreements in revenue sharing when
dealing with transfer trips between the two networks. Currently, fare media
integration between the two systems has been achieved through a smartcard,
initially available only for interurban services. However, the revenue sharing
The word "interurban" is used throughout this thesis to identify services or trips that are made between
different municipalities. Urban trips refer to trips made within the same municipality.
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agreement subscribed between the two agencies has economic disincentives for
the interurban agency to pursue further integration practices. It is to be noted that
from the passengers' perspective, one of the most important practice is precisely
the implementation of transfer fare discounts.
2. To propose a connectivity improvement plan between interurban bus and rail
services in Gipuzkoa. Given the rigid and flexible nature of rail and bus services
respectively, they have to complement each other in order to provide attractive
transit options for many different origin-destination pairs. However, the
institutional division among agencies has resulted in scarce attention being given
to connectivity among the systems. In quite the opposite direction, some agencies
seem to expand their systems without considering the services already being
provided by other agencies. As a result, competition, rather than coordination,
between transit services is the common scenario in Gipuzkoa, especially for
interurban services. Improving connectivity, so that transfers are less inconvenient
for passengers, is the fundamental step required to develop a more efficient public
transportation network in Gipuzkoa. The proposed connectivity improvement plan
identifies the different strategies that could lead to better connectivity, prioritizes
them according to their importance to passengers and describes the required
negotiations among agencies to put them in place.
These objectives are not intended as a comprehensive review of service
integration needs in Gipuzkoa. However, they provide the fundamental basis on which
further improvements can be made. For example, changes to the overall public
transportation network aimed at reducing ineffective competition, need connectivity
improvements among the different systems.
1.2 Research Approach and Thesis Organization
Following the introduction provided in this chapter, chapter 2 contains a non-exhaustive
review of the literature available on integration practices for public transportation. This
review includes a description of a large range of strategies available to improve
integration. It also presents examples of integration practices implemented in particular
regions of the US and Europe, and how institutional barriers where circumvented. Chapter
3 provides a description of the public transportation systems that operate in Gipuzkoa.
These systems are described in terms of service characteristics, ridership and future
projects considered at this point. This chapter also describes the regional institutional
setting in which these systems operate.
Chapters 4 and 5 present the analysis performed in order to achieve the two
specific objectives outlined previously. Chapter 4 describes the relationship between the
interurban and urban bus systems and estimates the economic impacts to both transit
agencies of implementing transfer fare reductions under different revenue sharing
agreements. Chapter 5 uses a previously developed transit connectivity framework
(Crockett, 2002) to identify the strategies available to improve connectivity. These
strategies are then prioritized according to their importance to passengers and to whether
they require interagency agreements to be implemented. Finally, chapter 6 concludes
with a summary of findings, recommendations on how to improve public transportation
integration in Gipuzkoa and areas for further research.
Chapter 2
Literature Review on Public Transportation
Integration
Integration in public transportation can be defined as: "The organizational process
through which elements of the passenger transport system (network and infrastructure,
tariffs and ticketing, information and marketing etc) are, across modes and operators,
brought into closer and more efficient interaction, resulting in an overall positive
enhancement to the overall state and quality of the services linked to the individual travel
components." (NEA et al., 2003, p. 17). This definition, however, does not provide
guidance to help transit agencies progress in their integration process. The objective of
this chapter is to provide a guiding framework for an integration process among different
public transportation agencies. This framework is intended to help agencies address two
main questions:
* What practices lead to better integration?
e How to facilitate the implementation of such practices?
The first question arises from the fact that while integration is generally recognized
as good practice, it is not always well understood what it means or what it implies. In
other words, there is no clear definition of integration in terms of what should be
considered and what approaches would lead to an effective implementation.
It is argued in this chapter that integration is composed of two aspects:
competition and coordination. Competition refers to whether the transit agencies in
search of better integration are currently offering competing services. Competing services
may be acceptable as long as the demand patterns justify them. Otherwise they may
indicate an inefficient use of resources from the point of view of the overall public
transportation system, even though it may be efficient from the point of view of every
individual agency. Coordination refers to the level of service provided to passengers that
would require using services from different agencies in order to complete their trips.
Looking at these two aspects, our starting point is to determine what practices can lead to
or facilitate integration.
Both aspects, competition and coordination, can be analyzed using methodologies
that have been proposed in the literature. Competition can be seen as related to network
design. Coordination is equivalent to connectivity or quality improvement of transfers. In
both cases, the main difference when they are analyzed as aspects of integration is that
more than one transit agency is involved. This is important because current literature
generally analyzes concepts such as costs, benefits, revenue or ridership in an overall
manner. However, when more than one agency are involved, consideration should be
given to the individual impact on each of them. Sections 2.1 and 2.2 present a review of
the literature for the topics of network design and connectivity focusing on those studies
that are more relevant to competition and coordination as aspects of integration.
The second question implicitly assumes that an optimal level of integration does
not appear by itself. This may partially be due to integration practices not being
economically desirable from the perspective of one of the transit agencies. It also may be
due to institutional barriers that prevent the implementation of integration practices.
Section 2.3 reviews these topics based on experiences from other regions which have led
to integration processes.
2.1 Network Design
There are different approaches to public transportation network design based on good
practices. The first approach is through sketch model analyses. These analyses are based
on broad assumptions (the most important being those about demand patterns) and are
intended to provide recommendations for broad strategic decisions. A second approach is
to use computer simulation as sketch or full size models. This approach allows for a more
detailed and realistic analysis at the expense of reducing the number of alternatives that
can be evaluated within a reasonable amount of time. A third approach is to search for
opportunities to intervene locally in the current network. This approach is based on
examining the load profile of individual routes looking for opportunities to apply strategies
such as route decomposition, aggregation or express services in order to achieve high-
frequency and constant load routes.
Given that the objective of this chapter is to provide a guiding framework for
integration, the most suitable approach involves an analytical approach. Perhaps the most
relevant analytical network design study is that by Van Ness (2002). In this study, Van Ness
addresses the question of what factors drive the need to adopt different network levels
for transportation. Network levels are associated with the concept of hierarchy where
each level has two functions: providing transport for its own trips and offering access and
egress to higher-level networks. Higher-level networks are associated with longer trips
and, in the case of public transportation, modes are assigned to network levels according
to their relative advantages (e.g. flexibility vs. speed).
The concept of hierarchy as a guiding principle implies that few or no competing
services are provided. Instead, the network relies on passengers' willingness to transfer to
provide adequate service. From an integration perspective, this also provides a clear
division of the roles among transit agencies. Each transit agency responsible for a specific
network level provides service for its own passengers and for passengers accessing higher-
level networks.
With respect to public transportation, Van Ness's overall conclusion is that spatial
hierarchy (i.e. hierarchy of demand density) determines the need for hierarchy in public
transportation networks.2 The difference in demand densities required for a hierarchical
approach to be advantageous depends on the characteristics of the public transportation
modes in each network level. The differential speed of different network levels should be
enough to compensate for the detour and the transfer penalty imposed to the
transferring passengers.
2 Demand density refers to the number of trips within a given zone such as a city, county or state, divided by
the area of the zone.
In short, differences in demand densities, high speed differentials between modes
and high quality of transfers provide the basis for hierarchical networks and reduce the
need to provide competing services. These are the guiding principles for network
integration, while the specifics of each case should be addressed with a detailed computer
simulation or by an incremental improvement approach.
Van Ness also presents an analysis about the impact of organizational aspects on
the design of a multilevel public transportation network. The example system used for the
analysis consists of an urban corridor having a network of parallel lines offering service to
the city center and an interurban network connecting two city centers (Figure 2-1). The
design variables for the urban network are stop spacing, line spacing and frequency. For
the interurban network, only frequency is used as a design variable. The analytical model
developed includes walking, waiting, in-vehicle times and transfer penalties. The model is
used to compare the results under the assumption of a single operator or multiple
operators. The impact of the design objectives is also analyzed by assuming either profit
or social welfare maximization.3
Figure 2-1: Layout of the multilevel public transport network
< W Network 1
S,
Service area network I
L,
L12 L 1  Service area network 2:L2 "walking/cycling"
Lc,2
Centre 1 Network 2 Centre 2
Source: van Ness (2002)
3 These design objectives are generally used as a way to differentiate private and public ownership of the
transit services. Private operators are assumed to follow profit maximization objectives while public
operators are assumed to maximize social welfare (profit plus the benefits of all passengers who are able to
travel at a lower cost than they are willing to pay).
The results show that under profit maximization objectives, the multi-operator
case leads to a considerable lower passenger quality of the urban network in comparison
to the single operator case. This is because the focus on single network optimization does
not take into account the effects that changes in the network have on the usage of the
other network. Van Ness then concludes that there is a rationale to subsidize the urban
network in order to obtain larger benefits on the interurban network.4 It should be noted,
however, that the numerical exercise used for the analysis, assumed a rather high
proportion of travelers using both networks (i.e. transferring). These travelers were
assumed to represent 40% of all travelers in the urban network and also 40% of all
travelers using the interurban network. This percentage seems high especially for the
share of urban travelers and may be the cause of considerable differences in urban
network qualities. Regardless of this assumption, the analysis shows that the urban
operator does not have the required incentives to provide the quality of service socially
desirable. Under social welfare maximization objectives, there is no significant difference
in the quality of the urban network because the concept of consumer surplus also includes
passengers using both networks.
As stated before, the quality of transfers limits the extent to which a hierarchical
network design can be implemented. The following section reviews the elements that
determine the quality of transfers.
2.2 Connectivity Improvements
Connectivity improvements are associated with reductions in passenger dissatisfaction
when a transfer between vehicles is required. Additionally to its contribution to allow a
more efficient transit network, a higher quality of transfers provides benefits for
passengers that do not have another transit alternative.
4 This is equivalent to the case of airlines' hub & spoke networks, where the profits result from the long haul.
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Crockett (2002) develops a process that can be used to guide transit agencies in
their connectivity assessment and improvement efforts. A service connectivity framework
is established first to determine the elements that influence the quality of transfers. This
framework groups such elements into three areas: system, facility and service. System
elements are those likely to affect a large subset of transfers. For example, the transfer
price is generally a system wide policy. Facility elements affect only the infrastructure at a
single transfer point. For example, the walking distance required between the alighting
and boarding areas or the weather protection provided at the waiting area. Finally, service
elements affect the quality of transfers to or from a given service. For example, the
schedule of a given route determines the transfer waiting times between this and other
routes. Figure 2-1 provides a representation of these three areas.
Figure 2-2: Three areas of connectivity elements
TRANSFER FACILITIES
SERVICES
SYSTEM
Source: Crockett (2002)
From a multiagency perspective, these three areas of connectivity can be filtered
according to whether interagency agreements are required for improvements. Service
elements improvements can generally be implemented by a single agency (although in a
coordinated way). Improvements in system elements would normally require interagency
agreements, due in part to their high costs. Finally, improvements in facility elements can
be implement by a single agency or in arrangement with other agencies depending on the
level of costs involved.
A quality tier is then established by Crockett for each element. A tier represents
the range of states in which an element can exist, from those states that are supportive of
connectivity to those that are not. This provides a definition of good connectivity as the
highest states for each element. Table 2-1 shows the service connectivity framework
proposed by Crockett containing the different elements and their respective tiers.
Table 2-1: Transit service connectivity framework
a) System elements
Transfer Pre-Trip Fare Media In-vehicle Fare Control
Price Information Information
Free System Same Real-time and No Validation Needed
Information Connecting Route and Can Leave Public
with Trip info, Transfer Transportation Space
Planner Announcements_
Discounted System Connecting Route No Validation Needed
Infonnation Info, Transfer if Remain in Public
Announcements Transportation Space
Route Connecting Route Validation Needed,
Ifuration Infouuatiu but No Delay Added
___________ _____________ 
to'lip
Full No Tnforation Different No Tnformation Validation Adds
Additional Delay to Irip
Fare
b) Facility elements
Weather En-Route Changing Road Walking Concessions
Protection Information Levels Crossings Distance
Fully Real-time, No Vertical No Road No Large
Protected System Facility. Separation Crossing Walking Selection
Connection and Schedule Required Required
Inforniatitni ___________ __________ ________ __________
Covered System Facility
Connection and Schedule
luforuation
Covered Facility, id Vertical Road Short Snall
Waiting Schedule Separation Crosring Walk Selection
Area Informatioa with Required. Required
Assistance but Assisted
Schedule
information
Open No lrformarinn Vertical Unassisted I Ang None
Waiting Separation Road Walk
Area without Crossing Required
Assistance
c) Service elements
Transfer Waiting Span of Service
Time
High Frequency Matched
Matched Headways and
Coordinated Arrivals and
Departures
Coordinated A-rivals and
Departures
No Coordination Unmatched
Source: Crockett (2002)
From a multiagency perspective, the in-vehicle information, located by Crockett in
the system area, could belong to the service area. This element refers to information
provided inside a vehicle about connecting routes options in the form of maps or transfer
announcements. In-vehicle information can be considered as a system-wide policy for a
transit agency, but when services are operated by different agencies it is better
catalogued as a service element since it affects transfers to or from a particular service. In
addition, a single agency can improve in-vehicle information without the need for
interagency agreements.
Based on the previous framework, Crockett then proposes a process for assessing
and improving connectivity. The first step of the process is to define the system
boundaries. Secondly, an assessment of each connectivity area is performed. This
assessment implies quantifying the number of transfers by element tier level for each
transfer type (e.g. bus-bus or bus-rail). The third step is to classify each element in order
to identify those that may not be relevant for the particular system. The fourth step is to
consider the improvements needed to enhance the quality of each element and to
prioritize them according to their cost-effectiveness. The benefits from improvements to
different elements can be estimated knowing the value passengers give to each element.
This generally comes from travel choice studies (e.g. Wardman, Hine, & Stradling, 2001).
The last steps are to perform a cross area prioritization exercise and to establish a
monitoring plan. Figure 2-3 provides a representation of this process.
Figure 2-3: Process for assessing and improving transit service connectivity
Define System Boundary
Element Assessment
Element Tailoring
Improvements Consideration
Cross-area Prioritization
Monitoring Plan
Adapted from Crockett (2002)
This connectivity improvement process was developed having in mind a single
transit agency managing different services. However, from an integration perspective,
where services are provided by different agencies, this process needs to be reconsidered
in at least two ways. First, a cost-benefit analysis cannot be performed in overall terms,
since it should also be considered in terms of how these costs and benefits are divided
among the different agencies. An improvement may be cost-effective in overall terms, but
if all the cost is born by one agency it is less likely that it would be implemented. For
example, reducing the walking distance from bus stops to rail stations may require for the
bus agency to relocate its stops. Second, some of the improvements may require
interagency agreements before implementation. An example of this is transfer fare
discounts. In this case agencies need to determine how the revenue from transferring
passengers will be divided among them.
Acknowledging the previous concerns, Crockett's work certainly provides a useful
framework for improving connectivity. It also serves to identify strategies to improve
coordination among different transit agencies as long as the prioritization process
considers the economic impacts to the individual transit agencies and the need for
agreements among them.
Miller, Englisher, Halvorsen and Kaplan (2005) perform a literature review in order
to identify the range of service integration practices for public transportation. This study
uses a case study approach, examining different regions of the US. It divides these
practices into five groups:
* Infrastructure integration: Establishment of transfer centers and changes to the
route structure in order to be more in alignment with travel patterns.
e Fare payment integration: Establishment of a universal transit fare card or passes
and the implementation of transfer fare discounts.
" Schedule integration: Synchronization of arrival and departure times to reduce the
waiting time of transferring passengers.
" Information integration: Delivery of real-time information and service information
of different agencies from a single source.
* Integration for special events or under emergency conditions: Policies consisting of
action plans to minimize the impact of events such as natural disasters or sporting
events.
With the exception of the last category, the practices identified by Miller et.al can
be associated with improvements to different transfer elements identified by Crockett
(e.g. schedule integration refers to waiting time improvements). Also, changes to the
route structure can be associated with network integration improvements analyzed in
section 2.1. Even though the categorization presented by Miller is helpful to recognize the
different areas of integration, the framework presented by Crockett provides a more
systematic way to identify connectivity improvements for a given region.
2.3 Institutional Setting and Incentives for Integration
The basis for any integration effort lies on the agencies' recognition that integration with
other agencies is an important objective of its overall role. The natural tendency of each
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transit agency is to focus on its particular services and on its own ridership. However, this
tendency decreases gradually as regions develop and more passengers demand the use of
services from other agencies. This increased recognition is only the first step. Institutional
barriers and agency priorities would still be expected to make regional objectives take a
back seat in many circumstances. The following sections discuss the creation of a regional
transportation authority as the main strategy to break the institutional barriers to
integration and the evaluation of integration practices before and after such
implementation, as a way to increase agencies' commitment to such practices.
Creation of a Regional Transportation Authority
In many regions the creation of a regional transportation authority has been central to the
implementation of integration practices. Given that often the authority is empowered
with sufficient funds, it can play an important role as a stakeholder for the objectives of
integration. For example, it can fund the cost of the evaluation of integration practices in
order to show the potential benefits to all transit agencies. It can also assume the cost of
producing ex-post evaluations in order to generate commitment for further integration
practices. In the case that there is not such a regional authority playing the role of a
champion for integration, one transit agency has to take the leading role and bear the
initial costs of such integration.
Pucher and Kurth (2006) document the success of the Verkehrsverbund model to
provide integrated public transportation for five regions in Germany, Austria and
Switzerland. This model was first established in 1967 in Hamburg and included seven
public transport agencies that provided services to 140 cities and towns. The Hamburg
Verkehrsverbund is a special public authority that was given responsibility for planning
and marketing of all public transport services. Its responsibilities included network design,
frequency determination, schedule development, setting of the fare structure, advertising
and distribution of passenger revenues and subsidies among member agencies. Agencies
were responsible for operating the services assigned to them. The important ridership
increases and passenger satisfaction in the regions where the model was applied, proved
the convenience of having a single public authority in charge of all planning activities.
Although this model was copied by other regions of Austria and Switzerland, its
transferability to other regions greatly depends on the willingness of individual transit
agencies to share their power and authority.
The case of the San Francisco Bay Area provides a different model for the
implementation of a regional transportation authority. The Metropolitan Transportation
Commission (MTC) created in 1970 is the transportation planning, coordinating and
financing agency for the Bay Area consisting of over two dozen transit properties in 9
counties and 100 cities (Miller et al., 2005). MTC's power comes from its ability to
withhold state and federal funds from those transit operators unwilling to cooperate with
MTC in developing a network of cost-effective regional services. One of MTC's major
achievements in integration has been the provision of a single source of information for
travelers either by phone or through the web. As opposed to the Verkehrsverbund model,
the MTC does not control the service design of transit services.
The level of power that can be transferred to a regional transportation authority
will vary according to the political setting of the region. A maximum level would give the
authority the ability to design the service plan of all public transportation services. A
minimum level would provide the authority just enough funding to play as a stakeholder
for the objectives of integration. Clearly, the more power the authority receives, the
easier it is to enforce integration improvements.
Broaden the Selection and Evaluation Criteria for Improvements Considerations
In many cases, the potential benefits of integration improvements are unfortunately not
recognized by transit agencies because they have not been estimated. Agencies are then
forced to select between projects that do not involve integration improvements. In these
cases, the performance of evaluations on integration practices is important to broaden
the range of alternatives for agencies. These evaluations must recognize the impact on
individual agencies. If some agencies are negatively impacted from integration
improvements, agreements are needed to reduce this impact. Miller et al. (2005)
document a case where revenue losses from transfer fare reductions where mitigated
through an agreement with the regional transportation authority. This case is described
below.
In 1996 a Regional Transit Authority (RTA) was created to coordinate all transit in
the region of Puget Sound in Washington State. This region is composed of four counties,
each with its respective transit agency. The RTA received funding primarily from new taxes
and federal contributions, and operated several long distance bus services through an
agency named Sound Transit. The RTA focused on promoting fare integration practices
among the different transit agencies. In 1999 the Puget Pass was implemented for use in
all transit agencies within the city. One year later the RTA planned to implement free
transfers among the different agencies. This raised concerns from transit agencies
regarding revenue losses from interagency trips. The strategy finally implemented
required the RTA to use some of its funding to subsidize these revenue losses. Specifically,
the RTA would pay two-thirds of the revenue previously received by the other agencies
from transfers with Sound Transit and the full revenue from transfers between all other
agencies. This agreement required the implementation of yearly surveys to estimate the
number of transfers. The need for surveys was avoided later with the implementation of a
smartcard.
Besides broadening the selection criteria to include integration projects, it is also
important to broaden the evaluation criteria for all projects of the individual transit
agencies in order to include the impact on other agencies. For example, ridership
increases as a result of service expansions implemented by one agency, may come at the
expense of ridership losses for other agencies. In this case, the benefits should not be
weighted as new riders but as riders that are given a somehow better service. The impact
for other agencies may also be positive, as in the case reviewed in section 2.1 of urban
network improvements leading to ridership increases of interurban services. In this case,
there may be a rationale for interagency subsidies to the urban system provider.
Provide Ex-Post Analyses of Previous Integration Efforts:
Previous success stories of integration practices should be clearly documented and
presented to the agencies involved in order to obtain their support and commitment for
future projects. Just as in the case of ex-ante evaluations, consideration should be given to
the individual impact on each agency as well as on the overall system. Generally, the most
important measure of success for transit agencies is ridership increases.
While success stories of integration practices in their own region are clearly
desirable, they may not be available if the integration process is at an early stage. In this
case, success stories of other regions are useful to demonstrate the potential benefits of
integration efforts. Two examples of studies that have quantified the benefits of
integration practices are presented below.
Matas (2004) and Abrate, Piacenza and Vannoni (2009) estimated functions to
estimate the aggregate demand increases in public transportation systems that
implemented an integrated fare policy. These aggregate demand functions also include as
explanatory variables, service quality characteristics (e.g. route density, frequency and
speed), fare levels indexes and exogenous variables such as disposable income or GDP.
The study by Matas analyzes the introduction of a single travel card for urban bus and
underground services in Madrid in 1987. Her results showed that the introduction of
travel cards led to a growth in bus and underground patronage of 3.4% and 5.3% in the
short-run, and 7% and 15% in the long-run, respectively. The study by Abrate et al. obtains
similar results using data from 69 public transportation agencies in Italy by estimating that
integrated fare systems increased demand by 2.2% in the short-run and 12% in the long-
run. This study also considers the case of regional networks, where the most important
characteristic is the extension of the integration outside the urban network. It is important
to note that these ridership increases are computed controlling for any reductions in the
fare level that sometimes are associated with integrated fare systems. These two studies
can be used to encourage transit agencies in other regions to adopt integrated fare media
policies.
Miller et al. (2005) and NEA et al. (2003) provide an extensive assessment of
integration practices in several regions of the U.S. and Europe respectively. In all cases the
transit agencies that participated in integration efforts were satisfied with the results.
However, in most cases, it is not possible based on the data available to separate the
effects of integration practices from other improvements.
2.4 Summary
The previous review began with a description of the practices that lead to better
integration among public transportation systems. Such practices were categorized into
two groups. First, network integration based on a hierarchical network design approach,
can avoid competing services, establishing a more cost-effective overall public
transportation network and providing service between many different origins and
destinations. The adequacy of such an approach, however, depends on the level of
connectivity between the different services. In that regard, strategies that improve the
quality of transfers compose the second group of integration practices. These strategies
include many practices such as fare media integration or schedule coordination. However,
the implementation of these practices depends on the incentive of each agency. Three
strategies were identified to increase these incentives and facilitate integration: the
creation of a regional transportation authority with sufficient funds in order to play as a
stakeholder for integration, the evaluation of integration practices in order to broaden the
selection spectrum of transit agencies and the evaluation of integration practices that
have taken place in the past in order to gain agencies' support for further improvements.
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Chapter 3
Public Transportation in Gipuzkoa
The objective of this chapter is to describe the different modes of public transportation in
Gipuzkoa, the institutional setting in which they operate and the future projects that are
currently being envisioned for each system. This allows an evaluation of the adequacy of a
hierarchical network design approach for public transportation in Gipuzkoa.
The first two sections present the travel demand patterns of public transportation
in Gipuzkoa and the institutional setting of public transportation. The following four
sections describe each of the different public transportation modes with respect to service
characteristics, ridership characteristics and future projects. The last section concludes
with a comparison of the characteristics of the different systems and an overall evaluation
of the hierarchical network approach.
3.1 Mobility Patterns in Gipuzkoa
Gipuzkoa is one of the three provinces or historical territories that form the Basque
Country in Spain. The Basque Country is organized politically, with the other two provinces
Bizkaia and Alava, as an Autonomous Community with distinctive fiscal powers. Gipuzkoa
has an area of 1,909 square kilometers and a population of about 700,000 inhabitants. It is
formed by 88 municipalities, including San Sebastian as the capital, with a population of
around 180,000 inhabitants. Figure 3-1 presents a map of Gipuzkoa by municipalities
according to their population. As the figure shows, most of the population is concentrated
in the north-east area surrounding San Sebastian.
Figure 3-1: Municipalities of Gipuzkoa by population
The last mobility study for the Basque Country (Basque Government, 2007) found
that on an average weekday there were about 1'860,000 trips made within the province
of Gipuzkoa.5 This represents around 2.7 trips per inhabitant. Non-motorized trips
(walking and bicycling) represented 42%, car trips 40% and public transportation (bus and
train) 16%.6
For different purposes, Gipuzkoa is generally divided into 7 counties (comarcas in
Spanish) that group several municipalities (Figure 3-2). These counties are defined
according to the interdependency of the municipalities. This implies that a significant
portion of the trips within Gipuzkoa correspond to trips within each county.
s The study considered motorized and non-motorized trips of duration longer than 5 minutes, except work
and study trips who were considered without regard to travel time.
6 The share of public transportation includes discretional bus services such as coach or shuttle services.
34
.......................... ................................................. 
Figure 3-2: Counties of Gipuzkoa
The mobility study previously mentioned identifies 5 types of trips according to the
spatial hierarchy within which they are made:
1. Intra-municipal trips are trips made within the same municipality.
2. Intra-county trips are trips made within the same county but not within the same
municipality.
3. Inter-county trips are trips made within the same province (e.g. Gipuzkoa) but not
within the same county.
4. Inter-territorial trips are trips made within the Basque Country but not within the
same province.
5. External trips are trips that cross the boundaries of the Basque Country.
Within Gipuzkoa, there is roughly a scale factor of 2 between the numbers of trips
at each spatial hierarchy. Out of the total number of trips made within Gipuzkoa, 64% are
intra-municipal, 24% are intra-county and 12% are inter-county. As expected, the mode
share for each of these types of trips is significantly different. Non-motorized trips are
highly concentrated at the intra-municipal level. For example, within San Sebastian 45% of
all trips are non-motorized while the car and public transportation represent 24% and 25%
respectively. At the same time, the share of inter-county trips by car is 78% and by public
transportation is only 8%.
The analytical network analysis by Van Ness (2002) described in section 2.1
concluded that the spatial hierarchy of demand patterns should help determine the
hierarchy of public transportation networks. In the case of Gipuzkoa, this suggests three
public transportation network levels:
1. Municipal or urban network level to serve intra-municipal trips.7'8
2. County network level to serve intra-county trips.
3. Provincial (or Territorial) network level to serve inter-county trips.
However, the adequacy of such a hierarchical public transportation network also
depends on the differential characteristics of the different modes and their level of
connectivity. Specifically, high speed differentials between modes and high quality of
transfers are desired for the development of a hierarchical network. The following
sections will present the main characteristics of public transportation modes in Gipuzkoa,
but before, the institutional setting, within which these modes operate, will be described.
Additionally, chapter 5 provides an assessment of the current level of connectivity
between the different transit systems and proposes an improvement plan.
3.2 Institutional Setting
As one of three provinces in the Basque Country, Gipuzkoa operates under four levels of
government: the Spanish State Government, the Basque Country as an Autonomous
Community, the Provincial Council of Gipuzkoa (Diputaci6n Foral de Gipuzkoa, DFG) and
the municipal governments. In fact, each of these governmental bodies manages a public
Not surprisingly, most municipalities in Gipuzkoa would not require an urban level given their size.
8 It is also important for each network to provide service for higher level networks besides serving its own
ridership.
transportation agency that provides service in Gipuzkoa. The national government is
represented by RENFE (Red Nacional de Ferrocarriles de Espafia), who operates a rail line
providing interurban, long-distance and freight services. The Basque Country government
is represented by Euskotren, who operates two rail lines also providing interurban
services.9'10 The Provincial Council of Gipuzkoa controls the interurban bus routes through
a recently created public agency named Lurraldebus, involving currently 11 operators in
charge of running these routes. Finally, 8 municipalities have urban bus systems, most of
which are composed by only a few routes. The major urban system is in San Sebastian and
the operating transit agency is Donostiabus. Figure 3-3 summarizes the previous
description.
Figure 3-3: Governments and agencies Involved with public transportation in Gipuzkoa
ThSpanish National dv i b R ENF Eli Interurban Rail
Basque Country Euskotren Interurban Rail
Provincial Council i turraldebus Interl urban Bus
of Gipuzkoa (DFG) o m
City Council of San t ib Donostiabus Urban Bus
Sebastian
This institutional division between public transportation modes poses significant
barriers for integration in Gipuzkoa. As mentioned in chapter 2, one key strategy to
overcome institutional barriers is the creation of a regional transportation authority. In
fact, such authority was created for Gipuzkoa in 2007 (Autoridad Territorial del Transporte
de Gipuzkoa, ATTG). However, it was initially given scarce competencies. In 2010 this
9 One of these rail lines continues to Bilbao, the capital of Bizkaia.
10 Euskotren also operates several interurban bus routes managed by the Provincial Council of Gipuzkoa.
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Authority is being reformed as a consortium with the objective of consolidating the
functions from the different transit agencies (Diario Vasco, 2009). One of the first tasks of
the new ATTG will be to improve fare integration by promoting the use of a single
smartcard in all public transportation modes and implementing a single fare structure. The
funding for the new consortium will be shared by the Basque Country Government, the
Provincial Council of Gipuzkoa and several municipal governments with 45%, 45% and 10%
participation, respectively. It is still uncertain how many functions by the different transit
agencies will be transferred to the ATTG.
3.3 RENFE
3.3.1 Service Characteristics
RENFE provides freight and passenger services on the Spanish rail network in the Spanish
broad rail gauge. Passenger services include long-distance or intercity and interurban
services for several provinces in Spain including Gipuzkoa. Interurban services, equivalent
to commuter rail in the US, are referred to as RENFE Cercanias. All three types of service
(freight, intercity and interurban) use the same rail lines and so compete for the limited
capacity.
The interurban service of RENFE in Gipuzkoa consists of 29 stations on a double-
track line that extends from the north-east area to the south going through San Sebastian.
From the first to the last regional stop within Gipuzkoa, the rail line of RENFE is
approximately 80 kilometers long. This implies an average stop spacing of around 2.9
kilometers. In several cases two or more stops are located within the same municipality.
Figure 3-4 shows the alignment of RENFE's rail line in Gipuzkoa.
Figure 3-4: Rail line of RENFE in Gipuzkoa
RENFE operates its interurban services from 5 in the morning to midnight with
variable headways around 30-40 minutes off-peak and 15-20 minutes during peak periods.
The variability of the scheduled headways is a result of the need to allow for intercity and
freight services. This variability is likely to create difficulties when attempting schedule
coordination with other public transportation services. On the operational side, service
reliability (i.e. adherence to schedule) is generally high.
A regular trip from the first to the last regional stop takes 1 hour and 34 minutes in
the northbound direction and 1 hour and 39 minutes southbound. This implies an average
speed of 50 kilometers per hour for regular services. During peak periods, about half of
the trips between Tolosa and San Sebastian are express. This increases the speed of
service to about 75 kilometers per hour. However, the service frequency is lower for the
southern stretch of the rail line.
The fare structure of RENFE for interurban services in Gipuzkoa follows a zonal
system. Six zones are established which, in comparison to the counties presented in Figure
3-2, offer a narrower division. The price of single tickets ranges from (1.3 for one zone to
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(4.1 for six zones." There are also round-trip tickets that reduce the price per trip by
about 20% and monthly passes that cost around 23 times the fare of a single ticket. There
is no data available for this thesis to estimate the penetration of the different ticket types
on ridership. The fare collection system consists of paper tickets that can be purchased at
machines located in the stations.
3.3.2 Ridership
The most up-to-date ridership information available for RENFE consists of total boarding
and alighting by station for an average weekday in 2004. These totals are scaled up to
2009 using the average population growth of Gipuzkoa during these years.' 2 An origin-
destination matrix is then estimated following an iterative proportional fitting procedure
using as a seed matrix the number of home-work relationships between the different
municipalities.'3 The estimated ridership in RENFE for an average weekday in 2009 is
26,700 for trips with origin and destination within Gipuzkoa.
Figure 3-5 shows the percentage of trips in RENFE by distance travelled.' The
average distance travelled is 11.8 kilometers. The distribution shows several peaks due to
the interurban nature of the service. With respect to the spatial hierarchy presented in
section 3.1, 47% of the trips are inter-county, 47% are intra-county and 6% are intra-
municipal. Figure 3-6 shows the percentage of trips in RENFE by time of day according to
the time of boarding. The three peak periods that take place during the day suggest that
an important portion of the ridership corresponds to work and study-related trips.
All fares mentioned in this chapter correspond to fare levels for the first semester of 2010.
This growth rate is 0.525%.
13 This matrix comes from surveys of the statistics office of the Basque Country and is included in Leber
Planificaci6n e Ingenieria S.A. (2009).
The distance travelled in a trip is measured as the linear distance between the origin and destination
stations. In other words, the alignment of the line is not considered. This allows for better comparison
among the distances travelled in different modes.
Figure 3-5: Distribution by distance of trips in RENFE
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Figure 3-6: Distribution by time of day of trips in RENFE
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3.3.3 Future Projects
The most important project associated with RENFE in Gipuzkoa is the extension of the
Spanish high speed rail network to the Basque Country. This extension will connect the
three capital cities of the Basque Country (San Sebastian, Bilbao and Vitoria) with a design
speed of 250 kilometers per hour. From a hierarchical network design approach, the high
speed rail project provides a higher level network that corresponds to inter-territorial trips
within the Basque Country. It is then important for the high speed rail network to
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integrate with the other public transportation networks inside Gipuzkoa. An analysis of
this integration, however, is beyond the scope of this thesis.
The high speed rail line has been designed for freight and intercity passengers. As a
result, the current rail line of RENFE in Gipuzkoa will be able to focus on interurban
passengers. This enables the possibility to provide more frequent and regular interurban
services. These improvements would facilitate schedule coordination between RENFE and
other public transportation services and might benefit those municipalities in Gipuzkoa
which will not have access to the high speed rail network.
3.4 Euskotren
3.4.1 Service Characteristics
Euskotren operates seven rail lines in the Basque Country with metric rail gauge. Two of
these lines provide passenger services in Gipuzkoa. The first line extends from Hendaia,
the first French municipality after the border, to Lasarte going through San Sebastian. The
main station in San Sebastian (Amara) is a non-passing or terminal station. This line has an
approximate length of 30 kilometers and 18 stations, which implies an average stop
spacing of 1.7 kilometers. The second line extends from San Sebastian to Bilbao. In
Gipuzkoa, this line is almost 60 kilometers long and has 15 stations, which implies an
average stop spacing of 4.2 kilometers. A transfer can be made between these two lines at
the Amara station in San Sebastian. Figure 3-7 shows the alignment of these two lines in
Gipuzkoa.
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Figure 3-7: Rail lines of Euskotren in Gipuzkoa
The two lines of Euskotren in Gipuzkoa are mostly single track, which limits the
frequency of service. The Hendaia-Lasarte line operates regular headways of 15 minutes
during peak periods and 30 minutes off-peak, except the section between San Sebastian
and Errenteria which operates headways of 15 minutes during all time periods. The San
Sebastidn-Bilbao line operates regular headways of 30 minutes from San Sebastian to
Zumaia and 1 hour from Zumaia to the last station in Gipuzkoa. As for RENFE, the service
reliability of both lines is generally high.
A complete trip in the Hendaia-Lasarte line takes in average 54 minutes. This
implies an average commercial speed of 32.5 kilometers per hour. A regular trip from San
Sebastidn to Eibar, the last station of the San Sebastidn-Bilbao line in Gipuzkoa, takes in
average 1 hour and 26 minutes. This implies an average commercial speed of 41
kilometers per hour.
The fare structure of Euskotren consists of a zonal system. The Hendaia-Lasarte
line is divided in three zones and the San Sebastidn-Bilbao line is divided in five zones
within Gipuzkoa. This division is, as for RENFE, narrower than the division by counties
presented in section 3.1. The fare for a single ticket ranges from (1.35 for trips within one
zone to C3.15 for trips crossing five zones. The other ticket types available for a given
number of trips are round-trip tickets and 10-trips tickets, which offer an average discount
for a single trip of 16% and 34% respectively. Time period passes are available for a month
or a year and their price is 18 and 170 times the price of a single ticket respectively. No
information was available for this thesis about the penetration of each ticket type. The
fare collection system consists of paper tickets that can be purchased at machines located
at the stations.
3.4.2 Ridership
Ridership data for Euskotren's rail lines in Gipuzkoa comes from an origin-destination
matrix by station for an average weekday in 2001. These matrices are scaled up to 2009
using total boarding counts for an average weekday during this year. The average
weekday ridership in 2009 of the Hendaia-Lasarte line is 22,500. The ridership within
Gipuzkoa of the San Sebasti n-Bilbao line is considerably lower at 5,300 daily passengers.
Figure 3-8 shows the distribution of trips by distance travelled for both lines. The
average trip lengths of the Hendaia-Lasarte line and San Sebasti n-Bilbao line within
Gipuzkoa are 7.9 and 13.7 kilometers respectively. With respect to the spatial hierarchy
defined in section 3.1, in the Hendaia-Lasarte line, 12.5% of the trips are intra-municipal,
55.5% are intra-county and 32% are inter-county. In the San Sebastidn-Bilbao line these
proportions are 7%, 39% and 54% respectively.
Figure 3-8: Distribution by distance of trips in Euskotren
a) Hendaia-Lasarte line
b) San Sebastidn-Bilbao line within Gipuzkoa
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3.4.3 Future Projects
The Basque Government currently has an ambitious project for the Hendaia-Lasarte line.
This project includes the construction of new stations, new double-track segments and
line extensions. Four new stations would be added to the current line alignment between
Errenteria and San Sebastian. A new spur going north from Irun to Hondarribia would add
two new stations, including a stop at the airport of Hondarribia. In San Sebastian, the main
terminal station, Amara, would be reconverted into a passing station to add three more
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stations within the city, according to the proposal announced recently by the Basque
Government. Finally, the new two track links are targeted to double the current frequency
of service.
This project would probably intensify the intra-municipal and intra-county share of
trips in Euskotren, capturing ridership from the current urban and interurban bus services.
Contrary to a hierarchical network approach, this project aims at providing a single
network for interurban and urban trips. An evaluation to determine which approach is
more beneficial would require consideration of the particular demand patterns of this
area (this is the area with the highest density in Gipuzkoa) using an appropriate transport
demand model. However, it is important to recognize both options in order to make a
wise choice.
3.5 Interurban Buses - Lurraldebus
3.5.1 Service Characteristics
In 2005 the Provincial Council of Gipuzkoa created a public agency named Lurraldebus in
order to introduce operating subsidies aimed at improving the service quality and to unify
the image of all interurban bus services. These services are operated by 11 different
companies. At the same time, new technologies were implemented such as an automatic
vehicle location system, developed for all buses, and a smartcard as a new form of fare
collection. The smartcard became available in all services in June 2007. This smartcard
requires passengers to tap-in and tap-out so that it allows for easy estimation of origin-
destination pairs being served. Additionally, information about the cardholder such as
municipality of residence, age and gender is collected.
Including local, express and long-distance services, Lurraldebus controls over 100
bus routes. Local routes range in length from 7 to 38 kilometers and have average stop
densities varying from 0.5 to 1.5 kilometers. The service frequency of these routes ranges
from 1 to 4 trips per hour and their speed from 20 to 25 kilometers per hour. Express
routes generally connect two municipalities with several stops in each. The service
frequency is 1 to 2 trips per hour during peak periods and the operational speed is about
40 to 45 kilometers per hour. Long-distance routes usually connect several municipalities
and only have one stop at each, unlike express routes. The average service speed of these
routes can be as high as 60 kilometers per hour and their service frequency is generally
around 1 trip per hour.
Currently, the schedule provided for the bus routes at the stops and in the web
page of Lurraldebus only contains the departure time from the terminal stop. Several
operators also provide the arrival time at the last stop in their particular websites and only
two operators provide a scheduled time for each municipality served. This relative lack of
schedule information might represent a serious hurdle when attempting to schedule the
coordination with other modes and makes it difficult for passengers to plan a trip which
includes a transfer.
The fare structure of interurban bus services before Lurraldebus was based on the
number of kilometers travelled. With the introduction of the smartcard, the fare structure
changed to a zonal system. The zones defined correspond to the 7 counties of Gipuzkoa,
although two counties were divided into two zones. There are currently 9 fare zones
within Gipuzkoa. The new fare structure includes discounts according to the number of
trips made with the smartcard during a calendar month. Initially, the discount started at
15% after the 10th trip of the month and increased to 90% after the 75th trip. In February
2008, the level of discount was greatly increased. Currently, the discount starts at 40%
from the first trip of the month and increases to 90% after the 70th trip. In fact, this fare
change is used later on in this chapter to estimate the elasticity of interurban ridership to
fare levels.15 The cost of a trip using the smartcard within the same fare zone is (0.72
(including the 40% discount) and increases to C5.76 for five or more zones travelled. Cash
fares are about 45% higher than the fares offered by the smartcard for the first trips of the
month. This economic incentive caused a rapid increase in the penetration of the
smartcard on interurban services (Figure 3-9). Currently, more than 70% of the trips in
Lurraldebus are made using the smartcard.
1s The elasticity indicates the percentage change in ridership due to a 1% change in the fare level.
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Figure 3-9: Penetration of smartcard trips in Lurraldebus
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Since the implementation of the smartcard for interurban buses, it was also
available for urban bus services in Hernani. Since May 2008, the urban services of Irdn also
accept the smartcard. Finally, in December 2008 the card became available for the urban
system of San Sebastian. In fact, chapter 4 focuses on the integration between interurban
bus services and the urban bus system in San Sebastian, including an evaluation of the
revenue sharing agreement subscribed between the two agencies.
3.5.2 Ridership
From 1996 to 2005 the ridership of the interurban bus system decreased by about 25%.
Since the creation of Lurraldebus, this tendency has been reversed and ridership started
to grow. Current ridership data for Lurraldebus comes from the information recorded by
the new fare boxes since June 2007. This includes disaggregate information for trips made
with both the smartcard and cash. In 2009, the ridership of Lurraldebus for an average
weekday was approximately 60,000 passenger trips.
Figure 3-10 shows the distribution by distance of trips in Lurraldebus' services. 16
The average distance travelled is 7.1 kilometers. With respect to the spatial hierarchy,
Lurraldebus trips are highly concentrated at the intra-county level. Specifically, 12% of the
16 Information from October 2009 was used to make this graph.
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trips are intra-municipal, 74% are intra-county and 14% are inter-county. Figure 3-11
shows the distribution of trips in Lurraldebus by time of day according to the time of
boarding. 17 Similar to RENFE, the ridership of Lurraldebus also presents three peak
periods. However, these peaks are less pronounced, which suggests a lower proportion of
work or study-related trips.
Figure 3-10: Distribution by distance of trips in Lurraldebus
Figure 3-11: Distribution by time of day of trips in Lurraldebus
17 Information from October 2009 was used to make this graph.
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The smartcard data available also allows for identification of the frequency of use
of interurban buses by individual passengers. Figure 3-12 shows the percentage of cards
by number of trips recorded during October 2009. Out of approximately 100,000 cards
used that month, about 60% were used for less than 10 trips. This is likely to be the result
of users that only occasionally travel outside their municipality of residence, but it also
suggests that work and study-related trips are a relatively low proportion of trips in
Lurraldebus.
Figure 3-12: Frequency of use of Lurraldebus smartcards
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3.5.2.1 Fare Elasticities
The change in the fare structure of Lurraldebus implemented in February 2008 offers an
opportunity to estimate the elasticity of interurban bus ridership to fare changes. Fare
elasticities indicate the percentage change in ridership as a result of a 1% change in the
fare level and are the most common way to estimate ridership changes. Different
methodologies are used to estimate fare elasticities according to the type of ridership
data available.'8 Aggregate annual data is generally used to estimate transit demand
functions where ridership is modeled as a function of average fares and service
characteristics (see for example Matas, 2004). Disaggregate data from smartcards can be
18 TRL (2004) presents a review of the different methodologies used to estimate fare elasticities.
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used to develop more complex models including individual-specific behavioral changes
(see for example Zureiqat, 2008).
In this case, although smartcard data is available, the development of a fully
disaggregate model would be outside the scope of this thesis. The fare structure before
the change was quite complex. It offered discounts according to the number of trips per
calendar month, grouped according to the number of zones travelled. The last change
implemented higher discounts for the first trips of the month and the number of trips per
month was fixed now, irrespective of the number of zones travelled. A complex modeling
framework would be required in order to take into account these types of fare structure.
The approach used in this case in to estimate the fare elasticities is to compare the
number of interurban trips made before and after the fare change with cards that were
issued before the fare changes. Only cards that were issued before the change are used in
order to isolate the effect of the change in fare structure from the effect of the increasing
penetration of the card in total ridership. The effect of increasing penetration was
probably important at the time the fare structure was changed because the
implementation of the Lurraldebus card took place only 8 months before.
In total, about 30,000 cards that were issued in 2007 are used. The number of
interurban trips made with these cards in January 2008 (before the fare change) is
compared to the number of trips made in April 2008 (after the change).19' 20 The
percentage change in the number of trips is then compared to the percentage change in
the average fare paid. Additionally, these changes are categorized according to the
number of zones travelled as higher fare elasticities are expected for longer trips. This
expectation comes from the findings of previous research summarized in TRL (2004).
Generally, shorter trips include a higher proportion of work or study-related trips which
have lower elasticities.
19January 21st is not considered to measure the number of interurban trips because a local festivity took
place during that day. Including this, the number of weekdays and weekends is the same for both months.
2 Seasonal changes between these two months could invalidate the fare elasticity calculations. However,
the number of trips made with the same cards in January and April 2009 were compared and the seasonal
variation was not significant. The difference in the number of trips in all categories of zones travelled was
less than 1%.
Table 3-1 shows the results of the previous methodology. Only trips up to two
zones travelled are included because for more than two zones travelled, the number of
trips was extremely low to have a reliable estimate of the elasticity.2 ' As expected, higher
elasticities are found for trips travelling more fare zones. The elasticity of trips of 2 zones
travelled resulted particularly high (in absolute terms). This result, however, may be due
to the fact that most passengers only use these services occasionally. Consequently, if a
fare changes causes at least one round trip more for a passenger, it represents an
important percentage increase from the number of trips made before the change.
Table 3-1: Fare elasticities of interurban bus ridership according to the number of fare zones
travelled
January 2008 April 2008 Percentage change
Zones Average Average Average ElTrips Trips Trips Eatcttravelled Fare Fare Fare
0 413,108 0.92 C 462,406 0.62 C 11.9% -32.7% -0.37
1 23,255 1.40 C 28,240 0.95 C 21.4% -32.3% -0.66
2 3,458 2.77 C 5,196 1.89 C 50.3% -31.6% -1.59
3.5.3 Future Projects
Lurraldebus is considering increasing the frequency and number of express routes. Express
routes are generally designed to cover some areas of the biggest municipalities that are
not close to rail stations. For example, most express routes cover the western side of San
Sebastian not served by either RENFE or Euskotren. In this case, express routes are
needed due to the lack of connectivity between rail and buses, and in some cases also
because of the low frequency or speed offered by rail services for inter-county trips.
Lurraldebus is also considering extending the urban coverage in San Sebastian of some of
its bus routes within Donostialdea. The alternative option in this case is to facilitate
transfers with Donostiabus. However, the transfer penalty may still be high for these short
distance trips. In fact, chapter 4 analyzes the integration between Lurraldebus and
Donostiabus in more detail.
21 The number of trips was low mainly due to the low penetration of the card in these services.
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Lurraldebus is also promoting the implementation of its smartcard in the rail
services of RENFE and Euskotren. Besides improving the connectivity between these
systems, this initiative would be especially important to quantify the number of transfers
between bus and rail services in Gipuzkoa.
3.6 Urban Buses - Donostiabus
Currently 8 municipalities in Gipuzkoa provide urban bus services. Most of these urban
systems are composed of only a few bus routes except San Sebastian, which has 28 bus
routes. The bus routes in San Sebastian generally have a length between 5 and 15
kilometers, provide service headways between 5 and 30 minutes and have average stop
spacing of about 400 meters. The average operational speed of the urban network has
recently been increased due to the implementation of reserved bus lanes. However, no
information was available for this thesis to compute an estimate of the current speed of
these services.
All trips in Donostiabus are charged a flat fare. Two types of Donostiabus
smartcards are available for the system, one is a contact card and the other is a
contactless card. The fare using either card is (O.74, and the same fare is charged if the
Lurraldebus card is used. Cash payments have a fare of C1.3. The contactless card also
offers an unlimited monthly pass for a fare equivalent to 50 times that of a single trip. The
penetration of monthly passes in ridership is currently about 8%.
In 2009 the ridership of the urban system in San Sebasti6n was 28.5 million trips
per year, which implies an average weekday ridership of approximately 90,000 trips. This
ridership falls within the intra-municipal level of spatial hierarchy.
The most important project for San Sebasti n regarding integration with other
modes is the construction of a new intermodal station. This station would serve long-
distance interurban bus services and urban buses and would tentatively be located close
to Atotxa, the main station of RENFE in San Sebastian.
22 Issuing of these cards is made through two different banks, so an account in the respective bank is
required in order to have either card.
3.7 Comparison of Service Characteristics
This section presents a comparative analysis of the service characteristics of the public
transportation systems previously described. First, figure 3-13 compares the different
speeds of service. Although the speed of service of urban buses is not included, it probably
is in the range of 10 to 15 kilometers per hour.
Figure 3-13: Operational speed of public transportation services in Gipuzkoa
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As mentioned in chapter 2, large speed differentials benefit a hierarchical network
design approach. In this case, a hierarchical integration between RENFE and Lurraldebus
seems more appropriate. The speed of the local services of RENFE is about twice that of
the local services of Lurraldebus, and the same is true for the speed of express services. In
a hierarchical integration between these systems, Lurraldebus would concentrate in
providing service for intra-county trips while RENFE would focus on inter-county trips. This
integration would be less appropriate for Lurraldebus and Euskotren as the speed
differential between these two systems is lower. In fact, figure 3-14 shows the ridership of
these systems at each of these two spatial hierarchies. The percentage on top of each bar
corresponds to the transit share of the total number of trips according to the last travel
survey of the Basque Country Government. While Lurraldebus represents a larger
percentage of intra-county trips and RENFE represents a larger percentage of inter-county
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trips by public transportation, Euskotren represents about the same percentage at both
levels.
Figure 3-14: Interurban trips by spatial hierarchy and transit mode
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In terms of area coverage, Lurraldebus is, as expected, superior to the rail services.
While Lurraldebus' services cover all the municipalities of Gipuzkoa, RENFE's and
Euskotren's services only serve about 20 municipalities. This reflects the importance of
interurban bus services to provide accessibility to the smallest municipalities in Gipuzkoa.
In terms of hours of service, rail services have a longer span of service than interurban bus
services. From an integration perspective, it would be beneficial for these services to have
the same span of service, so that transferring passengers are certain that a connecting
service will be available. Finally, the frequency of service of all systems varies according to
the time of day, location and type of route. Again, from an integration perspective, it
would be beneficial for the different interurban systems to agree on particular headways
in order to facilitate schedule coordination and reduce transfer waiting times.
As mentioned in chapter 2, the main difficulty of implementing a hierarchical
integration approach lies on the institutional division among transit agencies. Such
division complicates the connectivity improvement process that would be required prior
to attempting a hierarchical network design. In fact, the objective of chapter 5 of this
.... ....... .
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thesis is to propose a connectivity improvement plan between rail and bus services, while
recognizing the institutional barriers that are in place.
Chapter 4
Fare Integration between Urban and Interurban
Buses
The objective of this chapter is to propose and evaluate fare integration strategies
between the interurban bus system of Gipuzkoa and the urban bus system of San
Sebastian. Specifically, the implications of implementing reduced transfer fares between
the two systems are evaluated under different revenue sharing agreements between the
two agencies. The first section of this chapter describes the relationship between these
two systems in terms of ridership (e.g. number of transfers) and in terms of the current
revenue sharing agreement. The following two sections evaluate the ridership and cost
implications of implementing free or reduced transfer fares, while proposing different
agreements in order to mitigate the impact of such costs. Based on these analyses, the
last section provides recommendations on how to encourage integration between the two
systems.
4.1 Current Situation
The Lurraldebus contactless card was implemented on interurban buses in June 2007, and
it became available for use in the urban bus services of Donostiabus in December 2008.3
This municipal bus network still operates with both a conventional contact card issued by
"Caja Laboral" and another one, contactless, issued by a different banking institution
"Kutxa". In the following four subsections, the information recorded in the Lurraldebus
card has been processed to quantify four aspects of the relationship between the two
2 As mentioned in chapter 3, special group cards (cards for special groups such as young, elderly or
handicapped, which are given a reload bonus) were not made available in Donostiabus. Residents of
Gipuzkoa who belong to these groups may also receive a regular Lurraldebus card.
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systems: the number of interurban trips to or from San Sebastian using Lurraldebus
services, the number of transfers between interurban and urban bus services, the number
of trips taken with the Lurraldebus card in Donostiabus services and the number of urban
trips serviced by the interurban lines. As it will be seen, each of these aspects entails a
critical issue in the relationship.
4.1.1 Interurban Bus Trips to or from San Sebastian
Lurraldebus provides local, express and long-distance services that connect San Sebastisn
with other municipalities of Gipuzkoa and the Basque Country. Figure 4-1 shows the
number of trips per month that went to or left San Sebastian using these services since
the introduction of the Lurraldebus card.24 2s The total number of such trips in 2009 was
approximately 8'911,000, which corresponds to 31,050 trips on an average weekday and
represented 48% of the total ridership of Lurraldebus in that year. This total number of
trips is divided in the figure into three main categories: those made paying cash, those
made by a cardholder residing in San Sebastian and those made by a cardholder residing
outside San Sebastian. These categories represented 31%, 9% and 60% of the total trips in
2009 respectively. On the other hand, trips with special group cards represented about
20% of the trips made with the card. However, since the implementation of special group
cards took place at the end of 2008, this percentage had an increasing tendency over the
year. In the last months of the year this percentage stabilized at around 23%.
Three events have taken place since the implementation of the Lurraldebus card
that may have affected the interurban bus ridership: the fare reduction introduced in
February 2008, the implementation of special group cards with added discounts in
October 2008 and the agreement to use the Lurraldebus contactless card in Donostiabus
services in December 2008. Of these three events, only the fare reduction seems to have
2 This and other 3 figures in this chapter are accompanied by a diagram to facilitate the visualization of the
four aspects of the relationship between Lurraldebus and Donostiabus. The diagrams show the total number
of trips and average number of trips per weekday (in brackets) in 2009.
25 These numbers do not include trips in long-distance services from Bilbao, Vitoria or Bilbao's airport. These
services do not require a tap-in-tap-out procedure for use of the Lurraldebus card and hence could not be
included in further analysis of travel times or transfers.
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had a significant impact in total ridership. In fact, an evaluation of this fare reduction in
order to estimate the elasticity of interurban ridership to fare changes was presented in
chapter 3 (see section 3.5.2.1).
Figure 4-1: Interurban bus trips to or from San Sebastidn
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With respect to trips to or from San Sebastidn by all modes in 2009, trips in
Lurraldebus represented 10.8%.26 RENFE and Euskotren represented 5.4% and 6.4%
respectively, for a total share of public transportation of 22.6%. As expected, most of the
trips in Lurraldebus take place within Donostialdea and have a short in-vehicle travel time.
Figure 4-2 shows the distribution of these trips by in-vehicle travel time.27 The average in-
vehicle travel time is 24 minutes. Given that most of these trips are short, a completely
hierarchical network integration approach between urban and interurban buses would
force a very inconvenient transfer for passengers.
Figure 4-2: In-vehicle travel times of interurban bus trips to or from San Sebastidn
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4.1.2 Transfers between Lurraldebus and Donostiabus
The interurban bus lines of Lurraldebus, as expected, do not cover all the urban area of
San Sebastian given their radial nature. Consequently, some passengers must transfer
between interurban and urban bus services in order to reach their final destination in San
Sebastian. In those cases where the Lurraldebus card is used in both services, the number
of transfers can be measured accurately. However, since transfers are currently charged a
The number of trips by all modes is taken from the last mobility survey for the Basque Country (Basque
Government, 2007). The number of trips in 2009 is estimated from 2007 figures using a yearly growth rate
of 0.525% (same used in chapter 3).
27 This graph uses data from October 2009.
full fare, there is no cost difference if passengers decide to use the Donostiabus card for
28the urban service. On the other hand, passengers who belong to special groups may also
transfer by using their special group card in the interurban service and their regular card in
the urban service, in which case such transfers cannot be tracked. That is the reason why
these transfers are not estimated in this section.
In order to measure the number of transfers, a time threshold for what is
considered a transfer must be defined first. Figure 4-3 shows the transfer times between
Lurraldebus and Donostiabus services. When the transfer occurs from Lurraldebus to
Donostiabus, the time is measured from alighting to boarding (tap-out to tap-in). When it
occurs from Donostiabus to Lurraldebus, it is measured between consecutive boardings
(tap-in to tap-in) because urban services do not require tap-out. This implies that transfer
times from Donostiabus to Lurraldebus also include the in-vehicle travel time in the urban
bus. As a result, these transfer times appear shifted to the right in the figure.
Transfer time thresholds can be established from this figure assuming that "real"
transfers end at the point where the number of transfers estabilizes. Based on this, the
thresholds to measure the number of transfers are established at 30 minutes when
transferring from Lurraldebus to Donostiabus and 60 minutes when transferring from
Donostiabus to Lurraldebus. The longer threshold from Donostiabus to Lurraldebus is
intended to capture the in-vehicle travel time in the Donostiabus service and the longer
waiting time due to the lower frequency of Lurraldebus services.
28 Passengers may have a cost incentive to use the Donostiabus card if it is being used as a monthly pass.
29 This graphs uses data from October 2009.
Figure 4-3: Transfer times between Lurraldebus and Donostiabus
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Using the thresholds established above, figure 4-4 shows the number of transfers
per month between Lurraldebus and Donostiabus. The total number of transfers during
2009 was 275,790, which implies an average number of transfers per weekday of about
1,080. During this year, transfers represented 5.6% of the trips coming to or leaving San
Sebastian in interurban buses using a regular Lurraldebus card. 30 However, the percentage
of transfers increased slightly through the year. In the first three months of 2010 this
percentage was 6.5%.
30 It should be noted that only interurban trips made with regular cards (not with special group cards) are
used as the reference to compute the transfer percentage. Transfers from interurban trips made with
special group cards, paying cash or using the Donostiabus card in the urban service cannot be measured
with this approach.
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Figure 4-4: Transfers between Lurraldebus and Donostiabus
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Figure 4-5 shows the two locations where most transfers take place in San
Sebastidn.31 The first location is the city center. As most interurban services end there, a
transfer is required for passengers who want to access the other side of the city. About
370 transfers per weekday take place at the city center. The second location is the
interurban bus station Pio XII. Long-distance services (operated by PESA) use this station
as their only stop in San Sebastian. This implies that most passengers need to transfer to
an urban service in order to reach their final destinations in San Sebastian. In fact, the
31 The location of a transfer is recorded as the location of the interurban bus stop from which the passenger
alighted or to which he boarded.
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percentage of transfers is noticeably higher for long-distance routes. The transfer
percentage in long-distance routes in 2009 was 23%.3,33 This percentage implied a total
number of transfers in 2009 of approximately 36,000, which implies 130 transfers in an
average weekday at the No XII bus station. As mentioned in chapter 3, there is currently a
plan to relocate the interurban bus station in San Sebastian. For one, the new station
would increase the quality of transfers and might increase the percentage of transfers. For
another, as the new station would be closer to the city center, it would likely decrease the
need to transfer to an urban route. In any case, the current number of transfers should
be taken into account to evaluate the relocation project.
Figure 4-5: Location of transfers in San Sebastidn
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Reducing the transfer fare between Lurraldebus and Donostiabus would be an
important integration improvement between the two agencies and would benefit users
that need the urban system to reach their final destination. Free transfers with the urban
system would imply that interurban trips are charged according to the number of zones
32 Section 4.2 presents the transfer percentage according to the number of zones travelled in the interurban
trip.
33 As mentioned previously, services to Bilbao, Vitoria or Bilbao's airport are not included in this analysis.
3 Current plans locate the new bus station next to the main RENFE station in San Sebastian, which is about
10 minutes walking from the city center. The current station at Po XII is roughly twice as far from the city
center.
travelled, independently of whether a transfer to an urban service is required or not.
Also, both free and lower transfer fares may avoid the need for Lurraldebus to extend its
services in order to provide accessibility to different zones of San Sebastian. As mentioned
in chapter 2, the reduction in revenue is the main concern for transit agencies when
evaluating the implementation of free transfers. In fact, section 4.3 evaluates different
revenue sharing agreements in order to reduce the price of transfers without major
changes to the costs and revenue of Lurraldebus and Donostiabus.
4.1.3 Urban Trips with the Lurraldebus Card in Donostiabus Services
As one of the most important integration practices that have taken place in Gipuzkoa, the
Lurraldebus card became available for use in Donostiabus services in December 2008. The
fare of a single trip using the Lurraldebus card was set equal to the fare of a single trip
using the Donostiabus card. This implied that Donostiabus retained control over the fare
level offered with the Lurraldebus card. The fare for urban trips using either card was
(O.73 in 2009 and was set at (O.74 for 2010.3s
Besides transfer trips, passengers can, for all practical purposes, use the
Lurraldebus card for a single urban trip in Donostiabus, which does not entail a transfer.
Figure 4-6 shows the number of urban trips per month made in Donostiabus services using
the Lurraldebus card. It compares the number of trips according to the location of
residence of the cardholder (San Sebastian versus other locations). The total number of
trips in 2009 was approximately 1'366,000, which corresponds to 4,760 trips on an
average weekday. 53.1% of these trips were made by people residing in San Sebastian.
This share, however, had an increasing tendency through the year from 50.3% in January
to 57.4% in December.
The Lurraldebus card had a penetration of 4.8% among Donostiabus ridership
during 2009.3 However, this penetration also had an increasing tendency through the
3s As mentioned in chapter 3, the Donostiabus card can also be used as a monthly pass. The current
penetration of the monthly pass in Donostiabus ridership is about 8%.
36 Transfer trips are not considered for the number of trips with the Lurraldebus card in Donostiabus'
services, nor for the total ridership of Donostiabus.
year. For instance, the penetration in November 2009 was 7%.37 This increasing
penetration is most likely the result of the convenience for passengers of using a single
smartcard. In other words, passengers who regularly or sporadically use both systems may
find it more convenient to use only the Lurraldebus card. In chapter 2, the case of fare
media integration in different regions of Italy was reviewed and passengers highlighted
the convenience of adopting the same fare media throughout all the different systems in
place. Additionally, in the cases of passengers using the Donostiabus contact cards issued
by "Caja Laboral", the Lurraldebus contactless card could provide higher convenience.
Figure 4-6: Urban trips with Lurraldebus smartcards in Donostiabus services
a) Trips per month
b) Diagram: Total trips in 2009 (average trips per weekday)
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In November the total ridership of Donostiabus was 2'406.830 while the number of trips with the
Lurraldebus card (excluding transfers) was 163,900.
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4.1.3.1 Revenue Sharing Agreement
The current agreement between the two agencies regarding the use of the Lurraldebus
card in Donostiabus services stipulates that for each passenger travelling in Donostiabus
with the Lurraldebus card, Lurraldebus has to pay an equivalent cash fare to Donostiabus.
During 2009 the card fare in Donostiabus was (0.73 while the cash fare was C1.3.38 This
implies that each trip in Donostiabus has a cost for Lurraldebus of £0.57 (C1.3 of payment
to Donostiabus minus £0.73 received from the passenger). The total cost for Lurraldebus
in 2009 as a result of this agreement is estimated at approximately £930,000.
The revenue sharing agreement was reached by accepting Donostiabus' argument
that the cash fare is the cost to them of providing the service, while the card fare is a
subsidized fare. Since Lurraldebus' passengers were now going to be able to use
Donostiabus services, it should be Lurraldebus the one who bears the full cost and not
only the subsidized fare. However, it can be argued that, without the agreement, those
same passengers could have obtained the Donostiabus card instead and would have
therefore received the subsidized fare. It is important to note that the agreement did not
increase significantly the ridership of Donostiabus. 39 In fact, it only shifted trips that would
have been done with a Donostiabus card to the Lurraldebus card. As mentioned before,
this shift is probably due to the convenience for passengers of using only one card for
urban and interurban trips. It is critical to point out that the spirit of the agreement was to
mitigate the transfer penalty for Lurraldebus users. From this perspective, the use of the
Lurraldebus card for regular urban trips by residents or non-residents of San Sebastian,
which do not entail a transfer, is an unintended consequence with very serious and
negative impact on Lurraldebus.
Under the current agreement, Lurraldebus has no incentive to pursue further
integration practices that may increase the use of the Lurraldebus card in Donostiabus
services. An example of such practices is the implementation of transfer fare discounts.
Moreover, the current agreement poses a clear risk to Lurraldebus given the increasing
3 For night services the card fare was equal to the cash fare at C1.85.
39 The total ridership of Dbus increased about the same from 2008 to 2009 as it did from 2007 to 2008.
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tendency of the penetration of the Lurraldebus card in Donostiabus ridership. Table 4-1
compares the total cost to Lurraldebus from the fare media agreement in 2009 with the
cost estimated for 2010. In order to estimate the cost for 2010, the number of urban trips
in Donostiabus using the Lurraldebus card and the number of transfer trips has to be
estimated. This number is estimated by extrapolating the number of Lurraldebus cards
that would be issued during the year and assuming a number of trips per month and per
card equal to the average of the first three months. 40 The number of transfers in 2010 is
taken from the estimation presented in section 4.2.1, which assumes that no transfer fare
discounts would be implemented. The results show an increase in the total cost to
Lurraldebus from (935,000 in 2009 to approximately C1,588,000 in 2010. This represents
a 70% increase, which coincides with budgetary restrictions in the administration.
Table 4-1: Cost to Lurraldebus from revenue sharing agreement
Year 2009 2010
Urban trips with Lbus card in Dbus (1) 1,365,870 2,273,102
Transfer trips (2) 275,748 331,174
Total trips with Lbus card in Dbus (3) = (1)+(2) 1,641,618 2,604,276
Cash to card fare difference (4) 0.57 C 0.61 C
Cost to Lbus (5) = (3)*(4) 935,722 C 1,588,608 C
4.1.4 Urban Trips in Lurraldebus services
The local and express services of Lurraldebus have several stops in San Sebastian. As a
result, any passenger may use these Lurraldebus services for an urban trip, thus benefiting
from an increased frequency of service. Figure 4-7 shows the total number of urban trips
in interurban services per month. The total number of these trips in 2009 was
approximately 781,000, which implies 2,720 trips in an average weekday. About 80% of
these trips were made using the Lurraldebus card and 20% paying cash. The number of
trips exhibits an increasing tendency, particularly since the higher fare discounts
40 The cards are categorized according to the location of residence of the cardholder. It is estimated that
about 7,215 new cards would be issued in 2010 for residents of San Sebastian and 40,515 for people who
reside outside of San Sebastian. The average number of trips per month per card is 4.47 and 0.46
respectively for these two groups. This translates to an approximate usage ratio of 7:4 in favor of San
Sebastian residents.
implemented in Lurraldebus in February 2008. These discounts made the fare of an
interurban trip within the same fare zone about the same as the fare of an urban trip in
Donostiabus. Assuming a percentage increase in the number of trips from 2009 to 2010
equal to the percentage increase observed between the first three months of these two
years, the number of urban trips in Lurraldebus in 2010 would be approximately 916,000.
This represents a 17.3% increase, according to current trends.
Figure 4-7: Urban trips in Lurraldebus services
a) Trips per month in 2009
b) Diagram: Total trips in 2009 (average trips per weekday)
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between the two agencies. Currently, Donostiabus argues that Lurraldebus services going
into San Sebastien should close their doors for boarding passengers within the urban area
and that services leaving the capital should close their doors for alighting passengers
within the urban area. This would clearly create an inconvenience for urban passengers
through increased waiting times. Moreover, the cost to Lurraldebus from such policy
would not only be the lost revenue from urban passengers. In fact, as most of these
passengers are likely to use Donostiabus services with the Lurraldebus card instead, the
cost to Lurraldebus from the revenue sharing interpretation of the agreement would
increase further.
Table 4-2 estimates the revenue received by Lurraldebus from urban trips in its
services in 2009 and 2010, and compares it to the increase in the cost to Lurraldebus from
the fare media agreement if such urban trips were banned in the second semester of
2010. This last cost can be taken as an upper bound as it assumes that all passengers not
allowed in Lurraldebus services would then use Donostiabus services with their
Lurraldebus cards. The total revenue estimated for 2010 is (737,000, while the cost
increase due to the fare media agreement (only for the second semester) is (248,000,
resulting in a total cost impact of C985,000.
Table 4-2: Lurraldebus' revenue from urban trips in San Sebastidn
Year 2009 Estimate 2010
Revenue from urban trips in Lurraldebus 615,792 C 737,059 C
Increased cost in revenue sharing agreement from banning
urban trips in Lurraldebus in the second semester of 2010 247,783 C
Banning urban trips from interurban services would not be a good practice from
the perspective of passengers that would like to board the first service that comes, either
Lurraldebus or Donostiabus. As previously mentioned, adopting a single stop for
interurban services in order to rely on transfers to the urban services would not be
convenient either given the short distance of most trips arriving to San Sebastian by bus.
However, the stop density of interurban services in the urban area of San Sebastian may
be too high given the demand patterns of interurban travelers. As an example, figure 4-8
illustrates the average number of alightings per weekday in San Sebastian of interurban
travelers of the bus route that connects the municipality of Hernani with San Sebastian
(route G-1, operator Garayar).41 The figure, where alightings are proportional to the radius
of the circles, clearly shows the concentration of alightings at the city center. In fact,
alightings at the city center represent 71% of interurban travelers arriving in San
Sebastian.
Figure 4-8: Alightings in San Sebastidn of interurban trips in the bus route Hernani-San Sebastidn
an t
Besides interurban trips, this particular interurban bus route operated by Garayar
between Hernani and San Sebastian, also has an important amount of urban travelers. Its
daily ridership is about 3,600 trips, of which approximately 30% correspond to urban trips.
In the direction to San Sebastian, most of these urban riders board at intermediate stops
to then alight at the stops within the city center (figure 4-9). This implies that reducing the
number of stops for this route could reduce the in-vehicle travel time of interurban
passengers, at the cost of losing a significant number of urban riders. For example, if
4 This route is about 7.8 kilometers long and provides a service frequency of 15 minutes. In the direction to
San Sebastian, it has 5 stops in Hernani and 16 in San Sebastian. The average travel time in this direction is
about 25 minutes.
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besides the stops at the city center, only the two stops with the highest number of
interurban alightings are maintained, 80% of the interurban riders would still alight at
their preferred stop while the urban ridership could decrease by 75% (assuming that
urban riders will not change their boarding stop). Most of the urban corridor of this
interurban line is also served by two urban routes with 30 minutes headways and two
with 60 minutes headways.
Figure 4-9: Alightings of interurban trips and boardings of urban trips in San Sebastian in the bus
route Hernani-San Sebastien
| 12,000
4.1.5 Three Perspectives for Integration
The previous description exemplifies the challenges of integration given the conflicting
interests of the different actors. Three actors are recognized in this case: Lurraldebus,
Donostiabus and the current passengers. A summary follows on the main concerns of
each actor.
Lurraldebus:
Given the increasing penetration of the Lurraldebus card in Donostiabus' ridership and the
revenue sharing agreement subscribed between the two agencies, Lurraldebus is likely to
face unexpected high costs in the near future. It was estimated that the cost from this
agreement for Lurraldebus may rise from (935,000 in 2009 to C1,588,000 in 2010 and to
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even much higher figures in 2011, in a most unsustainable path in economic terms. The
reason is that the penetration of the card may continue to increase given the convenience
for passengers of using only one transit card for urban and interurban trips, even when
only a few interurban trips are made per month.
It is important for Lurraldebus to argue for a modification of the agreement that
recognizes this unintended tendency. The initial idea of the agreement was that
Lurraldebus should pay for the subsidy of passengers using its card in Donostiabus services
to mitigate the transfers from Lurraldebus to Donostiabus. However, it is very likely that
these passengers were already paying the subsidized fare before by using a Donostiabus
card. In other words, the revenue sharing agreement did not increase Donostiabus'
ridership. This means that it only made passengers utilize the Lurraldebus card in urban
services due to the convenience of using only one card for urban and interurban services.
The unprecedented growth of the sums to be paid from one agency to the other
are not supported by in kind exchange of services by the receiving agency. Furthermore,
the increase of those figures is not associated to the original intent of the agreement: to
facilitate the transfer of interurban passengers. Finally, given the current agreement,
Lurraldebus has no incentive to pursue further integration practices with Donostiabus.
Donostiabus:
Urban trips in Lurraldebus cause discomfort in Donostiabus because these are trips made
completely within its catchment area. The option of banning urban trips from Lurraldebus
services would not only reduce Lurraldebus' revenue and ridership, but would also
increase its payment to Donostiabus from the revenue sharing agreement as most
passengers are likely to use Donostiabus services with the Lurraldebus card instead.
Additionally, this option would also increase the waiting time of those passengers.
Passengers:
As pointed out earlier, passengers want to board the first bus arriving to a stop,
irrespective of under which agency is operated. The added frequency currently enjoyed
would be difficult to argue against in case of banning urban trips in Lurraldebus.
Furthermore, one of the most important benefits that passengers can receive from the
integration between interurban and urban buses is free or discounted transfers, which
under this agreement discourages Lurraldebus from pursuing it. Additionally, the current
revenue sharing agreement does not include Lurraldebus' special group cards. Extending
the agreement to these special groups would be important so they can benefit in case of
implementing free or discounted transfer fares. However, this extension is likely to cause
more trips with the Lurraldebus card in Donostiabus services, resulting in further costs
increases to Lurraldebus.
4.2 Ridership Impact of Transfer Fare Discounts
This section quantifies the impact of reducing the transfer fare between Lurraldebus and
Donostiabus for the second semester of 2010. Two scenarios are considered, one where
transfers are free so that passengers pay only for the interurban trip and another where
the cost of the urban trip is reduced by 50%. The first subsection estimates the increase in
the number of transfers assuming that special group cards continue not to be accepted in
Donostiabus services. The second subsection estimates the additional increase if the
current policy is reversed and special group cards are accepted. The transfer time
thresholds used for the analysis are those defined in section 4.1.2, 30 minutes from
Lurraldebus to Donostiabus and 60 minutes from Donostiabus to Lurraldebus.
4.2.1 Increase in the Number of Transfers
The expected number of transfers in 2010, assuming no transfer fare reductions, is used
as the baseline to estimate the increase in the number of transfers. A market
segmentation approach is used by grouping the interurban trips according to the number
of zones travelled in the zonal fare structure of Lurraldebus. Trips travelling 2 or less fare
zones correspond mainly to local and express services. Trips travelling 3 or more
42correspond to long-distance services.
Initially, the number of interurban bus trips to or from San Sebastian using regular
Lurraldebus cards (i.e. not special group cards) is estimated for 2010 assuming a
percentage increase from 2009 equal to the percentage increase observed between the
first three months of both years. Table 4-3 shows the results of these estimations. Clearly,
the great majority of trips are made within Donostialdea (i.e. zero zones travelled). The
overall percentage growth from 2009 to 2010 is 3.1%. This growth is mainly due to the
increased penetration of the Lurraldebus card and not to an increase in total ridership.
The percentage growth in total ridership between the first three months of both years
was only 1.2%.
Table 4-3: Interurban bus trips to or from San Sebastidn using regular cards
Zones Estimate Percentage
Type of service travelled 2009 2010 growth
Local and 0 4,217,500 4,326,397 2.6%
Local 1 438,759 464,162 5.8%
Express 2 110,184 113,688 3.2%
3 81,618 95,434 16.9%
Long-distance 4 74,019 74,930 1.2%(PESA) L.R. 736 1,122 52.4%
Total 4,922,816 5,075,732
Increase 3.1%
The transfer percentage in 2010 is assumed to be that observed during the first
three months of the year. This percentage represents a slight increase from the transfer
percentage in 2009 for all categories of zones travelled. Table 4-4 shows these
percentages and the estimated number of transfers for 2010 given the total number of
interurban trips for this year (table 4-3). The net result of these working hypotheses is that
the total number of transfers rises from 275,000 to 331,000, which represents a 20.1%
increase. Table 4-4 also illustrates the higher transfer percentage of trips from long-
4 Long-distance services are operated by PESA. As mentioned before, services that connect San Sebastian
with Bilbao, Vitoria or Bilbao's airport are not included in the analysis because those services do not require
a tap-in-tap-out procedure for passengers. Hence, the number of transfer from these services cannot be
measured.
distance services, which is explained because these services have a single stop in San
Sebastian.
Table 4-4: Transfers between Lurraldebus and Donostiabus
Zones Percentage Percentage Estimate
Type of service travelled 2009 2009 estimate 2010 2010
Localand 0 206,126 4.9% 5.6% 243,108Localan 1 25,775 5.9% 7.1% 32,770
Express 2 7,795 7.1% 8.2% 9,313
3 20,609 25.3% 28.1% 26,807Long-distance 4 15,279 20.6% 25.2% 18,880(PESA) L.R. 165 22.4% 26.4% 296
Total 275,748 331,174
Increase 20.1%
The increase in the number of transfers as a result of transfer fare reductions can
be divided in two components. The first component represents an increase in the transfer
percentage applied to the initial number of interurban trips. In other words, some
interurban trips that previously were not followed or preceded by a trip in Donostiabus
using the Lurraldebus card could now result in one transfer. This component would
principally be the result of people who before preferred to either use the Donostiabus
card, walk or use other modes to reach their final destination. The second component
represents new interurban transfer trips that were not made before because of the higher
cost.
The first component is difficult to estimate given that there is no data available to
quantify the number of transfers that take place using the Donostiabus card for the urban
trip or using other modes. Transfers with the Donostiabus card are likely to correspond to
people using this card as a monthly pass or people who regularly use the Donostiabus card
for urban trips. Since the penetration of monthly passes in Donostiabus' ridership is
currently only 8% and 87% of interurban trips correspond to people residing outside San
Sebastian (who are less likely to use the Donostiabus card frequently), the number of
transfers using the Donostiabus card is not expected to be high. Based on this, it will be
assumed that a policy of either free transfers or 50% cost reduction would increase by 5%
the number of transfers for all categories of zones travelled. Additionally, trips that used
other modes for the urban leg of the trip are assumed to increase the number of transfers
by an extra 10% in the case of free transfers and 5% in the case of a 50% reduction. In
total, the number of transfers could increase by 15% in the case of free transfers and by
10% in the case of a 50% reduction. Table 4-5 shows the estimated number of transfers
for the second semester of 2010. The baseline represents the number of transfers
estimated for that semester, which corresponds to half the number of transfers estimated
for 2010 (table 4-4).
Table 4-5: Transfer percentage increase for interurban bus trips due to transfer fare discounts in
the second semester of 2010
Baseline 2nd semester 50% discount Free transfers
2010
Zones
Type of service Travelled Percentage Transfers Percentage Transfers Percentage Transfers
Local and 0 5.6% 121,554 6.2% 133,710 6.5% 139,7871 7.1% 16,385 7.8% 18,023 8.1% 18,843
Express 2 8.2% 4,657 9.0% 5,122 9.4% 5,355
3 28.1% 13,403 30.9% 14,744 32.3% 15,414
.ong-distance 4 25.2% 9,440 27.7% 10,384 29.0% 10,856
(PESA) L.R. 26.4% 148 29.0% 163 30.4% 170
Total 165,587 182,146 190,425
Increase 10.0% 15.0%
The second component of the increase in transfers implies new trips due to lower
fares, so its effect can be estimated through fare elasticities. In section 3.5.2.1 fare
elasticities were estimated for trips of 0, 1 and 2 zones travelled based on the fare
changes implemented in February 2008 (table 3-1). These elasticities can now be applied
to estimate the increase in the number of interurban transfer trips due to reduced
transfer fares. It will be assumed that the fare elasticity of trips of more than two zones
travelled is the same as the elasticity of trips travelling across two fare zones.
The percentage fare reduction due to free transfers depends on the relative
magnitude between the urban fare and the interurban fare. For example, if the fare for
interurban trips of one zone travelled is (1.05 while the urban fare is (O.74, the cost of a
transfer trip would decrease from C1.79 (C1.05 + CO.74) to C1.05, which implies a 41%
reduction. Although some interurban trips pay lower fares due to the discount policy
based on the number of trips taken during the calendar month, the percentage of such
trips is lower than 10% for all categories of fare zones travelled. Therefore, the lower fares
for these trips will not be used to compute the percentage reduction in overall fares.
Based on the prior assumptions, table 4-6 presents the estimated number of new
transfer trips for both free and discounted transfer scenarios, considered for the second
semester of 2010. The baseline is the number of transfers considering the increase in
transfer percentage estimated in table 4-5.43 The increase in the number of transfers is
10.7% in the case of a 50% reduction and 21.3% in the case of free transfers.
Table 4-6: New transfer trips due to transfer fare discounts in the second semester of 2010
a) 50% reduction
Baseline (10% increase) Fare for transfer trips New transfer trips
Traveled Percentage Transfers Interurban Urban ( acoun) Elasticity Icae in Transfers Interurban Transfer
Travelled _________________ (50% urban) __ transfer trips _____ trips percentage
0 6.2% 133,710 0.72 C 0.74 C 25% -0.37 9.4% 146,247 2,175,736 6.7%
1 7.8% 18,023 1.05 C 0.74 C 21% -0.66 13.6% 20,482 234,540 8.7%
2 9.0% 5,122 2.07 C 0.74 C 13% -1.59 20.9% 6,195 57,916 10.7%
3 30.9% 14,744 3.21 C 0.74 C 9% -1.59 14.9% 16,940 49,913 33.9%
4 27.7% 10,384 4.23 C 0.74 C 7% -1.59 11.8% 11,613 38,694 30.0%
L.R. 29.0% 163 5.76 C 0.74 C 6% -1.59 9.1% 178 576 30.9%
Total 182,146 201,654
Increase 10.7%
b) Free transfers
Baseline (15% increase) Fare for transfer trips New transfer trips
Zones Pretg Trnfr Ineubn Uan Discount Increase in Interurban Transfer
Travelled Percentage Transfers Interurban Urban ree) Elasticity transfer rins Transfers trban eransfe
0 6.5% 139,787 0.72 C 0.74 C 51% -0.37 18.8% 166,002 2,189,413 7.6%
1 8.1% 18,843 1.05 C 0.74 C 41% -0.66 27.3% 23,984 237,222 10.1%
2 9.4% 5,355 2.07 C 0.74 C 26% -1.59 41.9% 7,597 59,086 12.9%
3 32.3% 15,414 3.21 C 0.74 C 19% -1.59 29.8% 20,005 52,308 38.2%
4 29.0% 10,856 4.23 C 0.74 C 15% -1.59 23.7% 13,426 40,035 33.5%
L.R. 30.4% 170 5.76 C 0.74 C 11% -1.59 18.1% 201 592 34.0%
Total
Increase
190,425 231,216
21.4%
Table 4-7 summarizes the total increase in the number of transfers in the second
semester of 2010 considering both components. In the case of a 50% reduced transfer
fare, the number of transfers grows from 165,000 to 201,000 for the second semester of
2010 (1,300 to 1,580 transfers per average weekday), which implies a 21.8% increase. In
the case of free transfers, the number of transfers grows to 231,000 for the second
43 This implies that interurban trips that would now have an urban transfer will also be affected by the fare
elasticity.
semester of 2010 (1,810 transfers per average weekday), which implies a 39.6% increase.
Finally, the number of interurban trips grows by 0.8% and 1.6%, respectively, and the
overall transfer percentage increases from 6.5% to 7.9% and 9%, for reduced and free
transfers, respectively.
Table 4-7: Overall impact
a) 50% reduction
of transfer fare discounts in the second semester of 2010
Type of Zones Interurban Transfers Transfer Interurban Transfers Transfer
service Travelled trips percentage trips percentage
Local and 0 2,163,198 121,554 5.6% 2,175,736 146,247 6.7%1 232,081 16,385 7.1% 234,540 20,482 8.7%
Express 2 56,844 4,657 8.2% 57,916 6,195 10.7%
Long- 3 47,717 13,403 28.1% 49,913 16,940 33.9%
distance 4 37,465 9,440 25.2% 38,694 11,613 30.0%
(PESA) L.R. 561 148 26.4% 576 178 30.9%
Total 2,537,866 165,587 6.5% 2,557,374 201,654 7.9%
Increase 0.8% 21.8%
b) Free transfers
Before After
Type of Zones Interurban Transfer Interurban Transfer
service Travelled trips Transfers percentage trips Transfers percentage
Local and 0 2,163,198 121,554 5.6% 2,189,413 166,002 7.6%1 232,081 16,385 7.1% 237,222 23,984 10.1%
Express 2 56,844 4,657 8.2% 59,086 7,597 12.9%
Long- 3 47,717 13,403 28.1% 52,308 20,005 38.2%
distance 4 37,465 9,440 25.2% 40,035 13,426 33.5%
(PESA) L.R. 561 148 26.4% 592 201 34.0%
Total
Increase
2,537,866 165,587 6.5% 2,578,657 231,216
1.6% 39.6%
9.0%
The estimated increase in the number of transfers for the second semester of 2010
implies that the total number of transfers in 2010 would rise from 331,000 to 367,000 in
the case of a 50% reduction in the urban fare, and to 396,000 in the case of free transfers.
4.2.2 Special Group Cards
As mentioned previously, special group cards cannot be used in Donostiabus services.
Consequently, if free or reduced transfers are implemented and the current policy on
these users continues, this people would not benefit as much as users with regular cards.
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Before After
Since people with special group cards may also have a regular card, they will have to
decide whether it is cheaper to use a regular card, having a free or reduced transfer, or
retain the use of the special group card, having a discounted fare in the interurban trip
(but not a free or reduced urban transfer).
This section quantifies the increase in the number of transfers in the second
semester of 2010 if special group cards are allowed in Donostiabus services together with
transfer fare reductions. It has to be considered that since these cards receive a recharge
bonus, allowing special group cards in Donostiabus would increase the cost of the fare
media agreement for Lurraldebus. This consideration is taken into account in the next
section where the costs of implementing transfer fare discounts are estimated.
Table 4-8 shows the estimated number of transfers with special group cards in the
second semester of 2010 if, together with transfer fare discounts, these cards are made
available in Donostiabus services. The methodology used to estimate the number of
transfers with special group cards is the same considered in the previous section to
estimate the number of transfers with regular cards. The initial transfer percentage for
special group cards is assumed to be the same as for regular cards. The results show that if
special group cards are allowed in Donostiabus, the number of transfers in the second
semester of 2010 would increase by almost 38%. This implies that the number of transfers
would rise from 201,000 to 278,000 in the case of a 50% reduction, and from 231,000 to
319,000 in the case of free transfers.
Table 4-8: Number of transfers if special group cards are allowed in Donostiabus services in the
second semester of 2010
a) 50% reduction
F _Regular cards Special group cards All cards
Type of service Zones Interurban Transfers Transfer Interurban Transfers Transfer Interurban Transfers TransferTravelled trips percentage trips percentage trips percentage
Local and 0 2,175,736 146,247 6.7% 708,835 47,646 6.7% 2,884,570 193,893 6.7%Local 1 234,540 20,482 8.7% 115,807 10,113 8.7% 350,347 30,596 8.7%
Express 2 57,916 6,195 10.7% 37,063 3,964 10.7% 94,979 10,159 10.7%
Long-distance 3 49,913 16,940 33.9% 20,258 6,875 33.9% 70,171 23,815 33.9%
Londsa 4 38,694 11,613 30.0% 25,105 7,535 30.0% 63,799 19,147 30.0%(PESA) L.R. 576 178 30.9% 152 47 30.9% 728 225 30.9%
Total 2,557,374 201,654 7.9% 907,219 76,180 8.4% 3,464,594 277,835 8.0%
Increase 37.8%
b) Free transfers
F _ Regular cards Special group cards All cards
Ty Zones Interurban Transfers Transfer Interurban Transfer Interurban TransferTravelled trips percentage trips Transfers percentage trips Transfers percenta e
Local and 0 2,189,413 166,002 7.6% 713,290 54,082 7.6% 2,902,704 220,084 7.6%
Express 1 237,222 23,984 10.1% 117,132 11,842 10.1% 354,354 35,826 10.1%
2 59,086 7,597 12.9% 37,812 4,862 12.9% 96,898 12,459 12.9%
Long-distance 3 52,308 20,005 38.2% 21,230 8,120 38.2% 73,539 28,125 38.2%
(PESA) 4 40,035 13,426 33.5% 25,975 8,711 33.5% 66,010 22,137 33.5%L.R. 592 201 34.0% 156 53 34.0% 748 254 34.0%
Total 2,578,657 231,216 9.0% 915,595 87,670 9.6% 3,494,252 318,885 9.1%
Increase 37.9%
The previous estimates imply that if special group cards are allowed in Donostiabus
in the second semester of 2010, together with transfer fare discounts, the total number of
transfers in 2010 would increase from 331,000 to 443,000 in the case of a 50% fare
reduction and to 484,000 in the case of free transfers.
Table 4-9 summarizes the estimations of this section. It shows the total number of
transfers in 2009 and the number expected for 2010 if no transfer fare discounts are
applied. For the implementation of transfer fare discounts in the second semester of
2010, four cases are evaluated. These four cases result from combining the possibilities of
reducing the urban fare by 50% or making it free, and of allowing special group cards in
Donostiabus or not. The ridership increase in the second semester of 2010 for both
systems is also included in the table.
Table 4-9: Number of transfers in 2009 and estimated for 2010 under different transfer fare
discount scenarios
Only regular cards Regular and special group cards
2009 Estimate 2010 50% discount Free transfers 50% discount Free transfers
Number of
transfers 275,748 331,174 367,241 396,803 443,422 484,472
Dbus ridership
increase 27,788 57,349 30,300 63,071
Lbus ridership 19,509 40,791 27,186 56,844
increase IIII
4.3 Cost Impact of Transfer Fare Discounts
The analysis and estimates presented in the previous sections are used in this section to
calculate the cost impact of implementing free or reduced transfers in the second
semester of 2010 under different revenue sharing agreements. Three agreements are
evaluated. First, the current agreement, which requires an equivalent cash fare payment
from Lurraldebus to Donostiabus for each trip made in Donostiabus services with the
Lurraldebus card. Second, an alternative agreement that would require Lurraldebus to pay
an equivalent cash fare only for trips made in Donostiabus services with the Lurraldebus
card that represent transfers from Lurraldebus services. This agreement is perceived as
more in accordance with the original spirit of the agreement where Lurraldebus pays the
full cost when its passengers use Donostiabus services. Third, an alternative agreement
that would not require Lurraldebus to pay an equivalent cash fare for any of the trips
made with its card in Donostiabus services. In other words, Lurraldebus only gives to
Donostiabus the revenue collected from passengers. This agreement seems more
appropriate from an integration perspective as it does not impose any costs to the
agencies for trips taking advantage of the fare media integration. The cost impact of
transfer fare discounts with each of these agreements is evaluated for the four cases
outlined in the previous section (combining a 50% and a 100% reduction for either regular
cards or regular and special group cards).
Table 4-10 shows the estimated cost impacts of implementing reduced transfers in
the second semester of 2010 under the current agreement. The table shows first the cost
to Lurraldebus from the revenue sharing agreement. This cost is divided in the cost that
derives from transfer and urban trips. The cost from urban trips includes the cost
generated by allowing special group cards, who receive a recharge bonus, in
Donostiabus.44 The extra revenue received by Lurraldebus from new interurban trips made
4 This additional cost is the result of urban (non-transfer) trips made with special group cards of Lurraldebus
in Donostiabus. In order to estimate this cost, it is assumed that the number of urban trips per special group
card will be the same as the number of urban trips per regular card. The number of urban trips per month
for cardholders residing in San Sebastian is 4.47 and for cardholders residing out of San Sebastian is 0.46.
Also, it is assumed that those trips were made before with a regular Lurraldebus card, so the cost to
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because of the transfer fare discounts is then computed to calculate the net cost to
Lurraldebus (revenue sharing agreement cost minus extra revenue). The revenue received
by Lurraldebus from passengers using the Lurraldebus card in Donostiabus services is then
estimated (this revenue takes into account that special group cards pay only 80% of the
fare). The sum of this revenue and the cost of the revenue sharing agreement to
Lurraldebus, constitute the compensation given to Donostiabus from the agreement.
As noted previously, the current agreement would increase the cost of the fare
media agreement for Lurraldebus from (935,000 in 2009 to (l'590.000 in 2010 without
any transfer fare reductions. If transfer fare reductions are implemented, the net cost to
Lurraldebus could increase to more than C2'000.000 in the case of free transfers for
regular and special group cards. At the same time, the compensation that Donostiabus
receives from the fare media agreement would almost double from what it was in 2009
(that is from C2'134.000 to C4'154.000). We have to insist that these numbers correspond
to its implementation for the second semester of 2010. That is why an estimate for the
impact of a full year is presented for 2011.
Table 4-10: Cost impacts of transfer fare discounts in the second semester of 2010 under the
current revenue sharing agreement
Regular cards Regular and special group cards
2009 2010 50% discount Free transfers 50% discount Free transfers
Cost from Transfers 157,176 C 202,016 f 359,897 C 535,684 C 440,191 E 654,038 c arevenue
sharing Urban trips 778,546 C 1,386,592 C 1,386,592 C 1,386,592 C 1,433,941 C 1,433,941 C b
Lurraldebus Iagreement _____ ______
Extra revenue from new
trips 0 E 0 C -26,162 E -54,702 E -35,676 C -74,595 C C
_ _Net cost 935,72Z C i,58,0 __ 1,720,327-C 1,867,574 , 1,838,456 f 213,384 C d
Revenue from cad in susing the Lbus 1,198,381 C 1,927,164 C 1,817,975 C 1,682,095 C 1,793,175 C 1,634,746 ,Ce
Donostiabus reeu hri 0340 ,1,7 ,56,6 Q4iC 3.ZiZ~f
Notes: d = a+b+c, f = a+b+e. These computations also apply for tables 4-11 and 4-12.
The previous numbers show that reducing the transfer fare under the current
revenue sharing agreement could become very expensive for Lurraldebus. Table 4-11
Lurraldebus is only the subsidy given to special groups. This subsidy is assumed to be 20% as this is the
subsidy given to cards for young an elderly which compose the majority of the special group cards.
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shows the cost impacts of an agreement that requires a cash fare payment from
Lurraldebus only for transfer trips (not for urban trips) with the Lurraldebus card in
Donostiabus. This agreement would reduce the cost to Lurraldebus from (935,000 in 2009
to (202,000 in 2010, without implementing transfer fare reductions. At the same time,
the compensation that Donostiabus would receive remains almost the same at
C2'130.000. If transfer fares are made free for regular and special group cards for the
second semester of 2010, the net cost to Lurraldebus in 2010 would increase to (626,000,
which is still lower than the net cost in 2009. The compensation received by Donostiabus
in this scenario would increase to (2'336.000, that is (150,000 more than the
compensation received in 2009. This scenario seems more adequate for both agencies
when compared to 2009, as the cost to Lurraldebus reduces while the compensation
received by Donostiabus increases.45 However, this agreement would still disincentivize
Lurraldebus to pursue further integration practices that may lead to more transfer trips.
This is because, if transfers are free, a transfer trip would cost (1.35 to Lurraldebus (cash
fare compensation to Donostiabus) while the revenue received from the interurban trip
would, in most cases, be less (most transfer trips result from an interurban trip within the
same county, paying a fare of C0.72).
Table 4-11: Cost impacts of transfer fare discounts in the second semester of 2010 under a
revenue sharing agreement that requires cash fare compensation only for transfer trips
Regular cards Regular and special group cards
2009 2010 50% discount Free transfers 50% discount Free transfers
Cost from Transfers 157,176 C 202,016 C 359,897 C 535,684 E 440,191 C 654,038 C
revenue
sharing Urban trips 778,546 C 0 E O O 47,349 E 47,349 E
Lurraldebus agreement _
Extra revenue from new
trips 0 C 0 E -26,162 E -54,702 E -35,676 C -74,595 C
Net cost 935,722 Cl 202,016 Cl 333,735 C1 480,982 Cl 451,864 C1 626,792 cl
Revenue from passn Dusing the Lbus 1,198,381 E 1,927,164 E 1,817,975 E 1,682,095 E 1,793,175 E 1,634,746 C
Compensation fromI III
Donostiabus revenue sharing I2,134,103 C 2,129,180 CI 2,177,871 CI 2,217,779 fi 2,280,715 Ci 2,336,133 C
agreement I I 1 1
4s Clearly, the compensation received by Donostiabus decreases if compared to what it would have been if
the fare media agreement would have not changed.
Finally, table 4-12 shows the cost impacts of an agreement that would not require
cash fare payments from Lurraldebus. Such an agreement would obviously reduce to zero
the cost to Lurraldebus if no transfer fare reductions are implemented. If transfers are
made free for regular and special group cards in the second semester of 2010, the net cost
to Lurraldebus would increase to C331,000. This is about one third of the cost in 2009. At
the same time, the compensation received by Donostiabus would be slightly lower than in
2009, decreasing from C2'134.000 to C2'040.000. This implies that the implementation of
free transfers would not impose significant cost for either agency. Moreover, with this
agreement both agencies have an incentive to pursue further integration practices. Lastly,
with this new agreement, Lurraldebus would not require to extend its services within the
urban area in order to provide access to all areas of San Sebastidn.
Table 4-12: Cost impacts of reducing the transfer fare in the second semester of 2010 under a
revenue sharing agreement that does not require cash fare compensation
Regular cards Regular and special group cards
2009 2010 50% discount Free transfers 50% discount Free transfers
Cost from Transfers 157,176 C 0 C 135,879 C 293,634 C 169,703 C 358,510 C
revenue I
sharing Urban trips 778,546 C 0 C 0 £ 0 C 47,349 C 47,349 C
Lurraldebus agreement______
Extra revenue from new
trips 0 £ 0 C -26,162 C -54,702 £ -35,676 C -74,595 C
Netcost 1935722 C 0 ] 109,718 238,932 C 181,376% 331,263 t
Revenue from passengers usingthe Lbus 1,198,3819 1,927,164 1,817,975 4( 1,682,0959 1,793,175 C 1,634,7469
card in Dbus teIu
Donostiabus rvenuehing 213,10' 197,6 1,953,854 C 1,97 5, 7 2 9U C 2,010,27%: 2,040,605C
The previous estimates assumed that transfer fare discounts were to be applied
only for the second semester of 2010 (this thesis was developed over the first semester of
2010). This implied that the cost results did not include the effects of transfer fare
discounts over the entire year. Moreover, it is not likely that the required interagency
negotiations would take place in time to implement transfer fare reductions in July 2010.
In order to quantify the effect of transfer fare discounts over an entire year, and to
provide the agencies with a needed estimate for negotiations that are likely to take place
during the second semester of 2010, the cost results of implementing transfer fare
discounts for 2011 follows.
Several assumptions are required to compute the cost estimates for 2011. First, in
order to establish the number of urban trips in Donostiabus using the Lurraldebus card, it
will be assumed that the increasing tendency evidenced up until now will continue.46 This
implies that about 2'884.000 urban trips in Donostiabus would be made with the
Lurraldebus card, which would represent a penetration of about 10% in the total ridership
of the urban network. Second, the number of transfers is estimated following the same
methodology used in section 4.2, using as the baseline the estimated number of
interurban trips that would have been made in 2011 without any transfer fare discounts
and the same transfer percentage of 2010.4' Table 4-13 shows the cost estimates for 2011
under a revenue sharing agreement that does not require cash fare compensation (only
card fare compensation). 48 In the case of free transfers for regular and special group cards,
the net cost to Lurraldebus is about C450,000, which represents about half the cost borne
in 2009. On the other hand, the compensation to Lurraldebus increases to C2'600.000,
mainly as a result of the higher revenue received from passengers making urban trips with
the Lurraldebus card in Donostiabus services.
46 This implies that 7,215 new cards would be issued in 2011 for residents of San Sebastian and 40,515 for
people who reside outside of San Sebastian. The average number of trips per month per card is 4.47 and
0.46 respectively for these two groups.
4 To estimate the number of interurban trips in 2011, the growth rate from 2010 to 2011 was assumed the
same as the growth rate from 2009 to 2010 (table 4-3).
48 The different fares were assumed the same as in 2010. Even though the fares are likely to be increased to
reflect inflation, the cost estimates correspond to present value estimates.
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Table 4-13: Cost impacts of reducing the transfer fare in 2011 under a revenue sharing
agreement that does not require cash fare compensation
2011
Regular cards Regular and special group cards
2009 50% discount Free transfers 50% discount Free transfers
ven Transfers 157,176 C 155,338 C 356,368 C 225,849 C 491,663 C
sharing Urban trips 778,546 C 0 C 0 C 117,951 C 117,951 C
LurraEdebus a reement fromnew
tr 0 C -55,833 C -116,742 C -76,034 C -158,979 C
_______ _____________ ~ ~ ~39,62 27 67,766 C, K4EO,163
Revenue from passengersusing the Lbus 1,198,381 C 2,289,437 C 2,134,098 C 2,218,492 C 2,016,147 C
Donostiabus .Zi 1y 44,7-saig0C_,9,66C 25222C 2,2,6
Clearly, agreements different to the ones evaluated before can be proposed for
the implementation of transfer fare discounts. The previous analysis, however, provides a
methodology to evaluate such agreements with respect to the cost and ridership impacts
on the agencies.
4.4 Recommendations
The previous sections provided an analysis of different alternatives to improve the fare
media integration between Lurraldebus and Donostiabus. This analysis pointed to an
alternative that would benefit all the parties involved: Lurraldebus, Donostiabus and the
passengers. This alternative involves three decisions:
1. To change the fare media agreement so that Lurraldebus compensates
Donostiabus with respect to the card fare (as opposed to the cash fare).
2. To allow the special group cards of Lurraldebus to be used in Donostiabus services.
3. To implement free transfers between Lurraldebus and Donostiabus (urban trip is
free).
A corollary to this is that Lurraldebus may suggest that their smartcard becomes
the only card to be used in both systems under a jointly managed arrangement. This has
two main advantages to Donostiabus:
1. To save their current costs of their two cards.
2. To verify which trips are transfers from Lurraldebus and which are regular urban
trips.
The impacts of this alternative on each of the parties involved are summarized
below. From this summary this alternative can be seen as a win-win-win outcome:
Passengers:
* Passengers that need to transfer between urban and interurban services in order
to reach their destination would now enjoy a significantly lower fare.
e Since the agreement provides an incentive for both transit agencies to pursue
further integration practices, passengers would likely benefit from such
improvements in the near future.
e Users of special group cards would not need to have a regular card to use the
urban system. Moreover, the recharge bonus received would imply that the cost of
urban trips would be lower.
Lurraldebus:
e The net cost of the revenue sharing agreement would decrease significantly. For
example, in 2011 the net cost to Lurraldebus would be about C450,000, which less
than half the cost in 2009, considering that these numbers include the good will
and support which implies the announcement and implementation fo free urban
transfers.
e There is no need to extend the interurban bus routes within San Sebastian
(increasing operational costs) in order to provide access to different zones of the
city.
" The ridership of Lurraldebus would increase by about 114,000 passenger trips per
year.
* The implementation of free transfers and allowing special group cards in
Donostiabus services would improve the public perception of Lurraldebus,
confirming its commitment to enhance public transportation and to work in a
coordinated manner with other agencies.
Donostiabus:
* The compensation received from the revenue sharing agreement with Lurraldebus
will increase.
* The ridership of Donostiabus would increase by about 125,000 passenger trips per
year.
* It is likely that a significant percentage of people residing in San Sebastian and
using the Lurraldebus card for urban trips in Donostiabus, correspond to people
that would otherwise have to use a contact Donostiabus card. Since contact cards
imply higher dwell times for buses, this would likely increase the commercial speed
of urban buses.
* Establishing the Lurraldebus card as the only smartcard available for the urban
network, would save the cost of issuing and maintaining the different cards
currently available for the urban system.
* The public perception of Donostiabus would increase, confirming its commitment
to enhance public transportation and to work in a coordinated manner with other
agencies.
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Chapter 5
Improving Connectivity between Rail and Bus
Services
The objective of this chapter is to develop a connectivity improvement plan between rail
and bus (urban and interurban) services in Gipuzkoa. The connectivity framework
developed by Crockett (2002), introduced in chapter 2, will be used as the basis for this
analysis. This framework identifies the different elements that determine the quality of
transfers, classifies them according to the range of their impact in a transit system and
identifies the improvements that can be implemented. However, the original
methodology to develop a connectivity improvement plan that was proposed from this
framework cannot be fully applied in this case because of two main reasons. First, there is
no data available at this point to measure the number of transfers currently taking place.
Without this data, it is obviously not possible to quantify the benefits provided by
connectivity improvements. Second, and perhaps more importantly, the methodology
proposed implicitly assumes that a single transit agency manages all the connecting
services. Under this assumption, the methodology proposed is based on prioritizing the
improvements according to their cost-benefit ratio. In this case, however, since multiple
agencies manage the services to be connected, it is then important to determine which
agency would bear the cost of an improvement. For instance, one agency may not be
willing to invest on a connectivity improvement alone and would require other agencies to
also invest on such connectivity. Alternatively, the cost of an improvement may be too
high to be borne by a single agency, so interagency agreements could be required.
Considering these differences, a connectivity improvement plan for multiple
agencies must determine which improvements can be implemented unilaterally and
which would require joint efforts. In other words, each agency commits to implement the
improvements that are its responsibility. In addition, improvements that would require
agreements can be proposed so that agencies can negotiate the best way to fund them.
For example, a Regional Transportation Authority could provide some of the required
funding.
In the following sections, each connectivity element is assessed in order to
determine the most important connectivity improvements between bus and rail services
in Gipuzkoa, and whether the cost of such improvements would have to be borne by a
single agency or would require joint efforts. For each connectivity element, a brief
description is initially provided in terms of its different quality levels and the
improvements that enhance this quality.49 Based on this assessment, the last section
proposes a connectivity improvement plan.
5.1 System Elements
System elements affect all or a large subset of transfers within a transit system. As a
result, in the case of multiple agencies, improvements in these elements would generally
require interagency agreements.
5.1.1 Fare Media
Two quality levels are recognized for a transfer with respect to fare media integration. The
highest level is when transfers can be made with the same fare media and the worst when
it requires two different types. Being able to use the same fare media adds comfort and
may slightly reduce the transfer time. However, the most important impacts of fare media
integration are of an indirect nature. First, if the fare media integration is based on
smartcard technology, it may allow for inexpensive collection of detailed data on transfer
patterns. This data is important to focus connectivity improvements in areas with high
transfer activity and to provide information for future interagency agreements regarding
49 Crockett's study provides this description in detail.
different fare structures (e.g. transfer fare discounts). Second, smartcards can be easily
reprogrammed to implement different fare structures.
Fare media integration between services of different agencies would require an
agreement. In the previous chapter, the agreement for fare media integration between
Lurraldebus and Donostiabus was described. This agreement allowed passengers to use
the Lurraldebus card in Donostiabus services. The agreement also required Lurraldebus to
pay an equivalent cash fare to Donostiabus for each trip made with its card in their
network. Since the cash fare is higher than the card fare itself, which is the revenue
collected by Lurraldebus, this agreement created an increasing cost structure to
Lurraldebus due to the growing penetration of its card in Donostiabus' network. The
increasing penetration is most likely the result of the convenience of using only one card
for urban and interurban bus services. It is expected that in the near future the
Lurraldebus card will also be available for trips using RENFE and Euskotren. This would
achieve fare media integration between all bus and rail services in Gipuzkoa, and would
further increase the convenience of the Lurraldebus card. Learning from the experience of
integration with Donostiabus, it is important that the revenue sharing agreement with rail
services does not impose a cost to any of the agencies. In other words, the Lurraldebus
card should only work, at least initially, as a different form of fare collection for the rail
agencies, who control the fare levels in their services.
Once fare media integration has been achieved based on a smartcard, different
fare structures can be proposed and evaluated with respect to their impact on the
revenue of each of the agencies involved. Initially, the implementation of free or reduced
transfers can be evaluated. An example of such evaluation was presented in the previous
chapter, to ease the penalty of transfers between Lurraldebus and Donostiabus. A
different fare structure may also involve specific period passes from the different
agencies.
5.1.2 Transfer Cost
Transfer cost is regarded as the most important connectivity element in the system ,from
a passenger perspective. The quality of this element ranges from a full additional fare as
the worst level to free transfers as the best level. In New York, for example, there was a
ridership growth of 11% in subways and 20% in buses as a result of free bus-subway
transfers and bulk discounts in 1998 (Tri-State Transportation Campaign, 1998). The
benefits to passengers, however, come at the expense of lost revenue for transit agencies,
which may represent a major concern. In the case of different transit agencies, it is
important to determine how the cost would be allocated. For example, the case of the
region of Puget Sound in Washington State reviewed in chapter 2, presented a strategy
where the Regional Transportation Authority used its funding to subsidize part of the
revenue losses of the different transit agencies.
As mentioned before, the fare media integration provides the basis for the future
implementation of free or reduced transfers. In Gipuzkoa, the fare media integration is
likely to come from the adoption of the Lurraldebus card in all services. This is seen as a
pre-requisite to reduce the cost of transfers, which would greatly increase the public
perception of coordination among agencies, although it requires a strategy to allocate the
lost revenue among agencies. In other words, such strategy must define how the revenue
from a transfer trip is going to be divided among the agencies. It is important to guarantee
that the strategy does not create a disincentive for any of the agencies to pursue other
connectivity improvements that aim to increase the number of transfers (e.g.
improvements in service or facility elements). For example, if the revenue from a transfer
trip is assigned only to one transit agency, the other agency would lose from such
connectivity improvements as its ridership would increase (which may lead to an increase
in cost) while its revenue would remain constant.
Following the example of the region of Puget Sound in Washington State, the lost
revenue from transfer fare reductions could become prohibitively high for Lurraldebus. In
the case of bus-rail transfers in Gipuzkoa, the simplest configuration to implement free
transfers would be not to charge for the bus trips, acting as either feeders or distributors,
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as part of rather short trips. In the majority of cases, this would be the same as not
charging for the cheapest trip. This configuration does not imply that the bus agency
(Lurraldebus or Donostiabus) would not receive any revenue from such transfer trip. It
implies that the fare of the train trip would be the revenue to be distributed among the
agencies. Another possible option, often preferable, would be to charge the whole trip
according to the zone of origin and the zone of destination. However, this approach would
require the same fare zones and zonal fares for RENFE, Euskotren and Lurraldebus. Such
change would further impact the revenue of the different agencies and would likely
complicate the negotiations to reach an agreement. A hierarchical network design
approach would facilitate the implementation of this approach as bus services, acting as
feeders and distributors, would focus on trips within a given fare zone.
5.1.3 Pre-trip Information
Three coonectivity elements were identified in the framework developed by Crockett with
respect to the information provided to passengers. Pre-trip information refers to the
information provided to passengers who want to plan their trips in advance. In-vehicle
information refers to the information provided about connecting services. En-route
information refers to the information provided to passengers at the transfer point. These
three information elements are associated to the system, service and facility areas of
connectivity, respectively.
Pre-trip information is especially important for passengers new to the transit
system, such as tourists, or to passengers that are going to make a non-routine trip. With
respect to connectivity, the most important aspect for any passenger is to learn about the
availability of transfers. However, if the frequency of the services is low, the expected
transfer waiting time may become too high, unless a system of timed-transfers is in place.
From a multiagency perspective, four quality levels can be differentiated. The
worst quality level is when no information is available for the services of one or more
agencies. The next quality level is when each agency provides its own source of
information. In this case, the user needs to balance the transferring options and the
expected waiting times, leading to a poor quality transfer. The third quality level is
reached when a single source of information is available for information of the entire
system. This single source may be either a system wide map or a website presenting the
different services and the available transfer points. The best quality level includes the
availability of a trip planner system. With a trip planner, a potential passenger enters an
origin and a destination and the program returns a travel itinerary. Trip planners save
passengers the trouble of working with schedules.
In Gipuzkoa, pre-trip information is clearly provided at the second quality level.
Each agency provides information about its own services through maps and websites. The
Regional Transportation Authority of Gipuzkoa is currently developing a trip planner based
on Google Transit that would integrate the information of Lurraldebus, Donostiabus,
RENFE and Euskotren (Diario Vasco, 2009). This project would raise the quality of pre-trip
information to the highest level.50 However, the schedule information of bus services
(urban and interurban) only contains the scheduled departure time for each trip. This
means that the trip planner should be able to provide information about the availability of
transfers but given that constraint, it cannot, in many cases, provide information about
the expected transfer time or the sequence of legs required to get to the final destination
including the total travel time. For example, for a trip involving a bus to train transfer, an
estimate of the arriving time of the bus trip at the transfer station is needed in order to
provide an estimate of the transfer time or the arriving time at destination. This limitation
is particularly important for interurban bus services due to their low frequency.
The previous caveat implies that bus schedules should be developed in more
detail, including at least estimated arrival times at transfer stations, in order to increase
the usefulness of the trip planner. Both bus agencies, Lurraldebus and Donostiabus, have
automatic vehicle location (AVL) systems that could provide the information required to
develop more detailed schedules. At the same time, both agencies would need to focus
more on reliability (i.e. schedule adherence) so the information provided by the trip
planner is accurate.
so It must be noted that the information provided must be accurate and easy to understand, so that the trip
planner is indeed useful for passengers.
5.1.4 Fare Control
Fare control relates to what passengers must do to validate their fare payments when
making a transfer. The worst quality level happens when the validation process adds
further delay to the trip. For example, when paper tickets have to be bought at a rail
station, the purchase process adds delay to the trip. This delay can be avoided through
fare media integration, especially if it is based on smartcard technology. A higher quality
level of fare control implies that no validation is required. In order to achieve this level,
multimodal stations have to be built, creating a public transportation space that can be
accessed by both services, so that passengers can interchange vehicles without going
through fare barriers. However, requiring no additional validation implies that transfers
would be free, so interagency agreements would probably have to be negotiated. The
best level of fare control is reached when transit agencies rely on proof-of-payment
systems. This means that passengers do not have to be within a given space to avoid
validation. However, transit agencies may be reluctant to move into proof-of-payment
systems because of fear of fare evasion or because they have already invested heavily in
fare collection equipment.
In Gipuzkoa, many transfers from bus to rail require a validation process that adds
delay to the trip.5' The fare media integration based on the Lurraldebus card would likely
eliminate this delay. The next step to increase the quality of fare control would be to build
multimodal stations. Clearly, multimodal stations are expensive and would only be
justified for stations with high transfer activity. In Gipuzkoa, these stations are likely to be
the head stations of RENFE and Euskotren in San Sebastian. As with the interurban bus
station in San Sebastian, these rail stations would have to be adapted to receive urban
services so as to facilitate the interchange of passengers. Interagency agreements would
be required given the high costs of multimodal stations. Alternatively, the Regional
Transportation Authority of Gipuzkoa could use some of its funding to cover part of the
cost.
51 If the passenger owns a time pass for the train trip or the ticket has been bought in advance, the
validation process would add no delay.
5.2 Service Elements
Service elements affect transfers between specific routes. Improvements to service
elements imply changes to the design of a given route. Consequently, in the case of
multiple agencies, only one would bear the cost of the improvement.
5.2.1 Transfer Waiting Time
The waiting time for a transfer depends on the coordination between the connecting
services. This coordination can be managed from both planning and operational stages. At
the planning stage, schedules can be coordinated to minimize transfer times and to avoid
"just misses" (when transfer passengers arrive shortly after the service of their connecting
route has departed). Schedule coordination is especially important for low-frequency
services because otherwise passengers would have a high probability of experiencing a
long transfer waiting time. For example, TCRP Scheduling Manual (TCRP, 1998) suggests
that schedule coordination is needed for service headways longer than 15 minutes. At the
operational stage, holding strategies can be implemented to guarantee connections and
reliability, thus in providing schedule adherence. Guaranteeing a connection is particularly
important for the last service of the day.
The best quality level for transfer waiting time is when both connecting services
have high frequencies. In this case passengers will rarely experience long waiting times.
The same is true for transfers from low-frequency to high-frequency routes. The transfer
waiting time for the opposite direction, from high-frequency to low-frequency routes,
depends mainly on the reliability of the high-frequency service. If the reliability is high,
passengers can use the trip that is scheduled to arrive shortly before the departure of the
connecting service. If the reliability is low, passengers would have to budget a longer slack
time to avoid missing their connection and would consequently experience longer waiting
times. Finally, transfer waiting times between low-frequency routes depend primarily on
schedule coordination.
In San Sebastian, the urban bus routes with the highest ridership provide high-
frequency services. This suggests that transfer times between rail services (which are
generally low-frequency) and urban bus services can be reduced by improving the
reliability of buses. However, as previously mentioned, the schedule of buses only includes
the departure time from the terminal. More detailed schedules, including an estimate of
the arriving time at transfer points, are required so passengers can select the urban trip
that minimizes their transfer waiting time.
Transfers between interurban bus routes and rail lines are likely to happen
between low-frequency services.s2 Schedule coordination is then the best strategy to
reduce transfer waiting times. Since generally several bus routes connect to a single rail
line and rail services are more reliable, schedule coordination in this case implies the
adjustment of bus arrival and departure times to train schedules. However, the variability
of scheduled headways in rail services can complicate this adjustment. For example,
Euskotren provides regular headways of 15, 30 or 60 minutes in most of its services. This
allows for easy adjustment of Lurraldebus' schedules by adopting the same headways or
headways that are a multiple of them. In fact, a commitment to one or two headways
would be an important step toward integration of interurban bus and rail services. Quite
the opposite, happens however with RENFE's services. In this case headways are mostly
uneven due to the restrictions imposed by intercity and freight services. Once high speed
rail is operational, these restrictions will be relaxed and the implementation of regular
headways could ease schedule coordination with interurban bus services.
As an example, the connection between the western rail service of Euskotren and
the bus route that connects the municipalities of Zumaia, Azkoitia and Zumarraga will be
analyzed.s3 This bus route is also operated by Euskotren and it provides an hourly
frequency along its approximately 36 kilometers from Zumarraga to Zumaia. However,
half of the trips only go to or start at Azkoitia, which reduces its length to 20 kilometers.
s2 The highest frequency of rail services is 15 minutes, as provided in the stations close to San Sebastian in
the eastern line of Euskotren. The interurban routes with the highest frequencies are within Donostialdea
and these routes are not likely to have transfers with rail services.
s3 The bus lines "Zumaia-Zumarraga" and "Zumaia-Zumarraga por Aizarnazabal" are analyzed as a single
route in this example as they only differ slightly in their alignment.
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The last stop of this route in Zumaia is located right next to the rail station of Euskotren
(see figure 5-3). The ridership of this route is about 1,000 passengers on an average
weekday, which implies 30 passengers per trip. Among its daily passengers, approximately
150 per day board or alight at the stop next to Euskotren's station.s4
Figure 5-1 compares the scheduled arrival times of the bus route in Zumaia and the
scheduled departures of rail services bound for San Sebastidn.ss In most cases, bus
services are scheduled to arrive 40 minutes past the hour while the next train departure is
scheduled 20 minutes after. In other words, 20 minutes are allotted for the transfer.
Scheduled arrival times for the bus route are available as provided by Euskotren.
However, this is not the case of most operators, which means that a more detailed
schedule of interurban bus services is required to replicate the following analysis for other
routes.
Figure 5-1: Schedule coordination in Zumaia between arrivals of the Zumaia-Zumarraga bus
route and departures of the western rail line of Euskotren
Bus arrivals
Euskotren
departures
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Time
in order to determine whether the slack time in the schedule is adequate for the
transfer, the schedule adherence of bus arrival at Zumaia must be considered. Figure 5-2
presents the cumulative distribution of the schedule deviation of the bus trip arriving at
11:40am to Zumaia.56 The graph shows that about 95% of the trips arrive within 10
minutes of the scheduled arrival time. This suggests that the slack time of 20 minutes is
s4 There is no data available to measure how many of these passengers are actually making a transfer into
the rail service. However, since the bus route provides other stops closer to the center of Zumaia, transfer
passengers are likely to represent a large portion of this number.
ss The comparison is made with services in this direction because this is the direction to San Sebastidn, since
most transfers are expected to take place along this direction.
s6 This figure uses data from July 2009 to March 2010. In total, 183 arrival time observations were used. One
observation that implied a schedule deviation of more than 2 hours was discarded as an outlier.
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too long and creates excessive waiting times for transfer passengers. For example, if the
slack time is reduced to 15 minutes, the probability of a bus arrival after the train
departure increases by only 0.5% while the transfer waiting time for more than 98% of the
passengers is reduced by 5 minutes.
Figure 5-2: Schedule deviation of arrival times in Zumaia of the Zumaia-Zumarraga bus route
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Notes: A negative schedule deviation means an early arrival.
An optimal slack time can be computed by balancing the cost imposed to
passengers that may lose their connection and the excess transfer waiting time of the
majority of passengers that arrive before the next departure. The key assumption for this
estimate is the penalty assigned to passengers who miss the connection. This penalty
depends on the time until the next arrival and the inconvenience of a late arrival at the
final destination. Alternatively, the slack time can be established so that no more than a
given percentage of trips are expected to miss the connection (e.g. only 5% of trips can
miss its connection). Independently of the method used, the higher the reliability of the
bus arrival, the shorter the slack time that has to be scheduled and the shorter the
average transfer time of passengers.
Finally, transfer time that does not correspond to waiting time (i.e. walking and
fare control) was not very relevant in this case because of the physical proximity between
the bus stop and rail station. However, when walking time is significant, it has to be
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considered to estimate the slack time. Long walking times complicate schedule
coordination as the different walking speed of passengers should be taken into account.
As rail services are more reliable, transfers from rail to bus would require shorter
slack times. For the connection previously analyzed, figure 5-3 compares the scheduled
arrival times of rail services and the scheduled departure times of buses. In most cases, a
bus departure is scheduled one minute after a train arrival. This means that a slight delay
in the train service would cause passengers to miss their connection unless buses are
instructed to hold until the train arrival. Holding strategies are important to minimize the
probability of missed connections. However, a threshold on how long a bus would wait for
a delayed train has to be established. This threshold depends on the percentage of the bus
ridership that transferring passengers represent. In other words, a balance should be
established between the penalty of missed connections and the excess waiting time
imposed to downstream passengers. The higher the percentage transferring passengers
represent, the longer the threshold.
Figure 5-3: Schedule coordination in Zumaia between departures of the Zumaia-Zumarraga bus
route and arrivals of the western rail line of Euskotren
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departures
Euskotren .--.
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In the case previously analyzed, Euskotren provided rail services with regular
headways. However, RENFE services are characterized by uneven headways due to the
aforementioned restrictions imposed by intercity and freight services. This irregularity
may complicate schedule coordination with bus routes -with headways greater than 60
minutes because bus services would also have to provide irregular headways. Other than
this difficulty, schedule coordination is a very cost-effective strategy to increase the
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quality of transfers. In fact, it could be said that the main cost of rescheduling bus services
is often the cost of changing the printed information provided at bus stops.
5.2.2 Span of Service
The span of service of a transfer is determined by the overlap in the time of operation of
the connecting services. The worst quality level is when the time of operation is not
matched between the services. This mismatch may lead to passengers being waiting at a
transfer point for a service that has not started operations or that, worse, has ended
operations for the day. The strategy to avoid this situation is clearly to increase the hours
of operation of the route with the shortest span of service. However, from a multi-agency
perspective, this increase could mean that one agency would have to bear the cost of
adding a trip that would probably not have a high ridership (because of the time of day)
and would cost more than a regular trip (due to higher salaries for drivers for early or late
periods).
In the case of connectivity between urban bus services and rail services in San
Sebastian, the urban system has longer hours of operation especially due to night services.
It would be, however, very expensive for the agencies managing interurban services to
match the span of service of the urban system. In contrast, matching the span of service of
interurban bus and rail services can be an important step towards integration. A
commitment from the different interurban agencies (i.e. RENFE, Euskotren and
Lurraldebus) to adopt the same starting and ending times of operation would make it easy
for people to remember, thus avoiding the probability of missing the last service. This
agreement would be even more effective if it is coupled with an operational strategy
where the last bus service is forced to wait for the last train, to guarantee the availability
of a transfer. At the same time, the schedule of the last bus service should allow for a
longer slack time to avoid arriving after the last train service. The highest cost impact of
this multi-agency commitment would probably be for Lurraldebus, as currently the span of
service of its bus routes is shorter than the span of service of both RENFE and Euskotren.
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5.2.3 In-vehicle Information
In-vehicle information refers to the information available to passengers about the
connecting service during the first leg of their trips. This information may correspond to
printed maps, schedules, announcements or real-time information. In her study, Crockett
classified this element in the system area as the information provided inside vehicles,
which generally involves an agency-wide policy. However, in the case of multiple agencies,
this element is better classified as a service element, since the improvement by one
agency would only affect the transfers with its services.
Bus services in Gipuzkoa that provide a connection to a rail line can benefit
transferring passengers by providing printed maps and schedules of the connecting rail
line. Given the high reliability of rail services, real-time information would not imply
significant additional benefits. In trains, it would be difficult to provide printed
information about connecting bus lines because many bus lines connect to a single rail
line. In this case, announcements about the available connecting bus routes at each
station would be more effective. In a sense, the provision of in-vehicle information can be
seen as a trade-off between bus and rail agencies. On one side, bus agencies would
commit to provide printed information on rail services. On the other side, rail agencies
would commit to provide announcements about available connecting bus lines at each
station.
5.3 Facility Elements
Facility elements affect the transfer experience at a given transfer point, as a function of
the infrastructure provided. Depending on the size of the capital investment required,
improvements in these elements can be implemented by a single agency or through
overall funding agreements.
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5.3.1 Weather Protection
For a transfer, weather protection may be critical at the waiting area and at the pathway
between the boarding and alighting points. Passengers tend to value weather protection
very highly, especially in regions with intense climate conditions. 57 The quality tier of
weather protection starts at the lower level with uncovered waiting areas and walking
pathways. The next level implies the provision of a covered waiting area by, for example,
building bus shelters. The cost of a simple bus shelter is relatively low and can even imply
no cost for a transit agency through agreements with companies interested in advertising
space. To provide a covered walking pathway without high investment, the boarding and
alighting points of connecting transfers must be close. If this is the case, a covered
connection would offer significant benefits to transferring passengers and would increase
the perception of integration.
In Gipuzkoa, most rail stations provide a covered waiting area, and urban and
interurban bus services provide shelters for the main stops. From a connectivity point of
view, the construction of shelters is important for bus stops that may serve as transfer
points with rail lines. However, shelters also provide benefits for non-transferring
passengers, therefore bus agencies should be responsible for its cost. The addition of
covered connections is cost-effective only for transfer points with short walking distances
and high transfer activity. In this case, the resulting cost could be shared by the agencies
involved or through the Regional Transportation Authority of Gipuzkoa.
Figure 5-4 illustrates two opposite cases of weather protection at transfer points in
Gipuzkoa. The picture 5-4-a shows the connection in Zumaia of the western line of
Euskotren and the interurban bus line that connects Zumaia and Zumarraga (this
corresponds to the connection evaluated in section 5.2.1 for schedule coordination). In
this case a completely covered connection is provided given that the bus stop is located
s7 The interchange study by Wardman et.al (2001) estimated that bus shelters can provide benefits
equivalent to 1.2 to 1.7 minutes of in-vehicle travel time. Horowitz and Thompson (1994) suggest that
providing a covered walkway between connecting services is equivalent to 16 minutes of in-vehicle travel
time.
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right next to the rail station.58 The picture 5-4-b shows an interurban bus stop located
close to the rail stations of RENFE and Euskotren in the zone of Ventas lr~n. In this case no
weather protection is provided in the waiting area of the bus stop.
Figure 5-4: Weather protection at two different transfer points in Gipuzkoa
a) Rail station of Euskotren in Zumaia
Rail station -
b) Bus stop next to Ventas Irdn
Bus stop
Bus stop
5.3.2 En-route Information
En-route information refers to the information about the connecting service provided for
passengers at the transfer point. Schedule information can be provided at the waiting
area. On the other hand, real-time information adds significant value to the schedule for
s8 As mentioned before, Euskotren also acts as the bus operator of the interurban bus line.
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services that are not highly reliable. Other than information about the expected waiting
time, information about how to navigate a transfer facility (i.e. facility information) is
important for connections that require a long walk or traversing complex multimodal
stations.
Information about the expected waiting time provides benefits not only to
transferring passengers, so transit agencies generally have the incentive to provide such
information independently of the level of integration desired with other agencies. On the
other hand, facility information is mostly valuable for transferring passengers, so the cost
of providing such information should be borne by all the related agencies.
Both Donostiabus' and Lurraldebus' services are equipped with automatic vehicle
location (AVL) systems. Based on this system, many urban and interurban bus stops
provide real-time arrival information. Given that an AVL system is already in place, the
marginal cost of providing real-time information at a given stop is relatively low. So it
would then be cost-effective to provide real-time information at stops that serve as
transfer points. Rail stations in Gipuzkoa generally provide schedule information, and due
to the high reliability of these services the investment in technology to provide real-time
information would not be justified. Facility information, however, would be especially
beneficial in the main stations of RENFE end Euskotren because several urban routes are
available for transferring passengers. Also, providing walking directions at transfer points
between interurban bus and rail services that require a significant walking distance, would
clearly benefit connecting passengers.
5.3.3 Walking Distance
Long walking distances for transfers not only involve inconvenience for passengers due to
the physical effort required, but also constrain quality improvements in other connectivity
elements. For example, schedule coordination to reduce transfer waiting time is less
effective when a long walk is required. In this case, the scheduled slack time has to
account for the walking time and its inherent variability due to different walking speeds.
As a result, longer average transfer waiting times would be required to satisfy a given
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probability of passengers missing their connections. Another example is weather
protection, where the longer the walking distance, the more expensive it is to provide a
covered transfer pathway.
Reducing the walking distance generally implies the re-alignment of a bus route,
but for rail lines, a re-alignment would be prohibitively expensive or not feasible. Changing
the alignment of a bus route could increase the operational cost of a transit agency, as the
new alignment may increase the average trip time, hence increasing the hours of
operation and possibly raising the required number of buses to provide a given frequency.
In the case of bus-rail transfers, the bus agency would then bear the cost of reducing
walking distances.
In Gipuzkoa, there are several cases in which bus routes could be re-aligned to
provide a shorter walking distance for transferring to a rail station. Figure 5-5 shows the
location of RENFE stations in the municipality of Tolosa, and the alignment of several
interurban bus lines that connect Tolosa with other municipalities of Tolosaldea.59 There,
a walking distance of more than 1,000 feet (300 meters) is required to transfer between a
rail station and a bus stop. The re-alignment of the interurban bus routes to provide a stop
next to a station would not increase considerably the trip time of the routes and, given the
low frequency of service, would not increase the required number of vehicles. The new
alignment would give these routes a new role, besides connecting Tolosa with other
municipalities of Tolosaldea, as feeders to the rail services for longer trips, which could
increase their current ridership. The southern rail station is especially easy to adapt to
accommodate a bus stop right in front, given the large space available (figure 5-6 shows
the front of this station). Urban bus routes could also be re-aligned to provide closer stops
to the main rail stations in San Sebastian. However, in this case, the increase in trip times
is likely to be significant and lead to an increase in the required number of vehicles for
Donostiabus.
59 These bus lines have average headways of about 2 hours and a very low ridership (2 to 5 passengers per
trip). In spite of their low ridership, these routes are used as a template to analyze the opportunities for
reducing walking distances.
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Figure 5-5: Location of RENFE rail stations and interurban bus
Figure 5-6: Southern rail station of RENFE in Tolosa
5.3.4 Changing Levels
Trains and buses may stop at different levels, requiring transferring passengers to climb
up or down stairs. This requirement is especially inconvenient for special groups such as
handicapped, elderly or passengers with luggage. Providing assistance to change levels
through escalators or elevators is important to guarantee transfer availability for these
groups. The ideal design solution is to have connecting services at the same level, but this
solution is likely to be infeasible. In Gipuzkoa, several rail stations are on a level higher
than roads. However, in all of these cases assistance is provided to navigate between the
two different levels.
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5.3.5 Road Crossing
The need to cross a road in order to board the departing vehicle poses safety concerns
and may add time to a transfer. Safety concerns may be an important disincentive for
passengers to use public transportation. Ideally, the need to cross roads could be
eliminated by relocating bus stops. However, this may not be feasible and safety concerns
would have to be addressed by strategies such as the implementation of pedestrian traffic
lights or widening sidewalks. In Gipuzkoa, many bus-rail transfers require road crossing
due to the long walking distance between bus stops and rail stations. Reducing that
walking distance by re-routing those bus lines would be the more effective strategy to
reduce safety issues at transfer points.
5.3.6 Concessions
Concessions such as coffee shops, newspaper stands or soda machines, can reduce the
disutility of waiting time at a transfer point. Larger concessions such as bank offices can
even eliminate the need for extra trips for passengers. In Gipuzkoa, as in most other
regions, the main rail stations provide concessions. However, increasing the number of
these concessions may be constrained by the available space. But if space is available a
larger number of concessions can reduce the burden of transfers.
5.4 A Connectivity Improvement Plan
The assessment in the previous sections identified several strategies that could improve
connectivity between bus and rail services in Gipuzkoa. These strategies can be grouped
by whether they would have to be implemented by a single agency (unilateral) or would
require interagency agreements and shared funding (multilateral). Nevertheless, some
strategies were identified as a prerequisite for the successful implementation of others.
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These strategies are categorized in a special group of basic improvements. Table 5-1
presents a summary of these strategies.
Table 5-1: Connectivity improvement strategies
Type of improvement
Basic Unilateral Multilateral
* Provision of in-vehicle e Implementation of a trip
* Re-alignment of bus routes to information about rail schedule. planner.
locate stops closer to rail stations. e Implementation of bus shelters - Reduction of transfer fares.
Bus for transfer stops. * Implementation of the same
Type of - Development of more detailed * Provision of real-time information span of service.
service schedules including estimated at transfer stops. * Commitment to particular
arrival times at transfer stops. * Schedule coordination headways (interurban services).
* Integration to the Lurraldebus e Provide announcements of - Development of multimodal
Rail card. connecting bus routes available at stations.
each station. I _I
The previous categorization proposes a connectivity improvement plan based on
three main steps. The first step is the implementation of the basic improvements that
would facilitate further improvements. The second step is the implementation of
unilateral improvements, which have relatively low costs. Finally, the third step is the
implementation of multilateral improvements that are more costly while requiring
interagency negotiations. The main aspects of each step are discussed next.
Step 1: Basic improvements
This step includes the integration of rail services into Lurraldebus card. This integration
would require an investment from the rail agencies in fare control equipment.60 Fare
integration would allow for the collection of data on transfer activity and the future
implementation of new fare structures. On their side, bus agencies would have to, in cases
where is feasible, re-align the routes to stop closer to the rail stations. If providing a new
alignment is too costly, bus agencies can provide facility information in order to assist the
required walk. Shorter walks would allow more effective schedule coordination and the
construction of weather protected pathways. Additionally, bus agencies would have to
develop more detailed schedules including estimated arrival times at transfer stops. The
6 Currently, RENFE has already implemented fare control equipment for smartcards in several stations.
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new schedules would allow for schedule coordination and would increase the
effectiveness of a trip planner.
Step 2: Unilateral improvements
Perhaps the most important unilateral improvement would be to accommodate bus
schedules to match those of rail services. Although the implementation of this
improvement would correspond to the bus agencies, rail service could facilitate
coordination by establishing regular headways. The implementation of in-vehicle
information offers the opportunity for a trade-off between bus and rail agencies. While
bus agencies could provide rail schedules in their vehicles, rail agencies should provide
announcements in trains about available bus connections at each station. Besides in-
vehicle information, bus agencies would have to provide weather protection and real-time
information at the transfer stops. Even though these improvements imply additional costs
for the bus agencies, they do not only provide benefits to transferring passengers but also
to passengers only using the bus services.
Step 3: Multilateral improvements
The development of a multimodal trip planner is the kind of multilateral improvement
that would require the lowest investment. Since its development is already underway
through the Regional Transportation Authority, the trip planner could probably be in place
in the near future. The reduction of transfer fares would require interagency negotiations
and strategies that mitigate the revenue impact on each agency. Eventually, other
changes to the fare structure (e.g. monthly passes) could also be evaluated. A
commitment to the same span of service and to particular headways would improve
schedule coordination and facilitate the provision of information to passengers. This
strategy can be complemented by operational strategies aimed at guaranteeing the
availability of transfers for the last service of the day. Finally, the development of
multimodal stations should be considered only for high activity transfer points.
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Chapter 6
Conclusions
6.1 Summary and Recommendations
This thesis studied the integration of public transportation systems, focusing on the
development of strategies to implement such goal for networks operated by different
service agencies. The province of Gipuzkoa, in the Basque Country of Spain, was used as a
case study. This province has a significant amount of public transportation services but,
unfortunately, the institutional division among transit agencies has led to an overall
inefficient public transportation network, in terms of competition among modes rather
than complementarities and low number of transfers, partly due to the absence of
transfer mitigation policies.
After the introduction presented in chapter 1, chapter 2 presented a literature
review on public transportation integration. The objective of this review was to determine
the practices available to improve integration between transit systems and the strategies
that could facilitate the implementation of such practices in a context of different transit
agencies.
The practices available to improve transit integration were categorized into two
groups, network design and connectivity improvements. With respect to network design,
the most relevant practice was the implementation of a hierarchical network design
approach. In this approach, different network levels are provided and transit modes are
assigned to each level according to their competitive advantages. Each level then has two
functions: serving their level and facilitating access and egress to higher or lower level
networks. This approach attempts to minimize competing services, relying on passengers'
willingness to transfer between network levels. From a multi-agency perspective, this
approach is also convenient as it provides a clear division of roles among transit agencies.
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On the other hand, connectivity improvements cover a significant number of
practices, each associated with an element that affects the quality of a transfer (e.g.
schedule coordination could reduce transfer waiting time). Transfer elements can be
grouped according to the range of their impact on the overall network into three areas:
system, service and facility (Crockett, 2002). Elements in the system area affect most of
the transfers in a network. Generally, improvements in this area would require
interagency negotiations due to their high cost. Elements in the service area affect the
transfers from a given service. The cost of improvements in this area would generally have
to be borne by one agency. Elements in the facility area affect the transfers at a given
transfer point. Depending on the cost of improvements in this area, they could be
implemented with or without interagency negotiations. The central task for an agency is
then to prioritize the large range of improvements available. In the case of multiple
agencies, however, such prioritization process must recognize the cost and benefits
imposed to the individual agencies and the negotiations required to implement them.
The body of literature regarding strategies to facilitate the integration of transit
services among different service providers was very limited. However, three strategies
were identified from different case studies in Europe and the US: the creation of a
regional transportation authority with sufficient funding to play as a stakeholder for
integration, the evaluation of integration practices in order to broaden the selection
spectrum of transit agencies and the evaluation of integration practices that have taken
place in the past in order to gain agencies' support for further improvements.
Chapter 3 described the different public transportation systems of Gipuzkoa and
described the institutional setting in which they operate. The travel demand patterns of
Gipuzkoa suggested a public transportation network based on three levels within
Gipuzkoa: intra-municipal, intra-county and inter-county. The intra-municipal level is
clearly served by urban bus systems when the size of the municipality requires it. The
characteristics of interurban bus services suggested that interurban buses should focus on
the intra-county level while rail services on the inter-county level. However, this last level
is more appropriate for RENFE than for Euskotren, given the former's higher service
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speeds. The implementation of a hierarchical network design approach is clearly subject
to prior significant improvements in connectivity among systems and the institutional
relationship among agencies. Nevertheless, a hierarchical network configuration can be
seen as the long-term objective of the integration process.
The analysis presented in chapter 4 about the relationship between interurban and
urban buses in San Sebastian, provides the most important lessons for the
implementation of integration strategies between different transit agencies. Initially, a
detailed description of this relationship in terms of ridership, including transfers between
them, was possible given the availability of smartcard data describing the current
utilization of the systems.61 This critical component of the work was possible thanks to the
fare media integration and revenue sharing agreement reached previously by the two
agencies. Figure 6-1 summarizes the passenger flows between the two systems. 62
Figure 6-1: Relationship between interurban and urban bus services in San Sebastian
Urban trips in Lbus
781,000(2,7
Int~ n
8191
Id
6 The smartcard was initially available only for interurban services.
62 As in the diagrams of chapter 4, the numbers in the figure represent total ridership and ridership per
average weekday (in brackets) in 2009.
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The critical issue that arises from figure 6-1 is the high use of the interurban card
for urban trips that do not correspond to transfers between the systems. Given the
revenue sharing agreement subscribed by the two agencies, which requires a cash fare
compensation from Lurraldebus to Donostiabus higher than the card fare revenue
received per passenger, such use implies unexpected high costs for Lurraldebus. Under
this agreement, any further integration improvements would disproportionately increase
the cost to Lurraldebus. This represents an important hurdle as the most important
strategy to implement integration practices between different agencies is precisely to
generate win-win scenarios. In fact, this thesis proposed a new revenue sharing
agreement which, together with transfer fare discounts, would generate such desirable
scenario. The new agreement implies a simple card fare compensation from Lurraldebus
to Donostiabus. Table 6-1 shows the cost impacts on both agencies if the proposal is
implemented for the year 2011, as compared to the costs in 2009. From the table, it is
clear that the cost to Lurraldebus decreases while the compensation received by
Donostiabus increases. Together with the implementation of transfer fare discounts, these
results constitute a win-win-win outcome for both agencies and passengers. Additionally,
those analyses pointed to the convenience of adopting a unique smartcard to be jointly
managed by both public agencies.
Table 6-1: Cost impacts of a new revenue sharing agreement and transfer fare discounts
2011
Regular cards Regular and special group cards
2009 50% discount Free transfers 50% discount Free transfers
Cost from Transfers 157,176 C 155,338 C 356,368 C 225,849 C 491,663 C
revenue I_____ 
______ 
______ 
______ 
______
sharing Urban trips 778,546 C O 0 117,951 C 117,951 CLurraldebus agreement _____
Extra revenue from new
trips 0 -55,833 C -116,742 C -76,034 C -158,979 C
'Nt cot 9572 99,50$t - 39%626i ,t 267,766 ( -450,635'Cl
Revenue from in us using the Lbus 1,198,381 C 2,289,437 C 2,134,098 C 2,218,492 C 2,016,147 C
Donostiabus
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Finally, chapter 5 analyzed the different elements that determine the quality of
transfers in order to propose a connectivity improvement plan between bus and rail
services in Gipuzkoa. The main strategy proposed to materialize such improvements was
to recognize the negotiations required for each. In this regard, the connectivity
improvement plan was divided in three main stages. The first stage involves basic
improvements that would facilitate the implementation of further enhancements. Such
improvements would express the agencies' willingness to cooperate in order to improve
coordination.
The first of these improvements is fare media integration (based on the
Lurraldebus smartcard), which would provide data on transfer patterns and facilitate the
implementation of different fare structures. Also, the development of more detailed
schedules for bus services and the realignment of bus lines to stop closer to rail stations
are categorized as basic improvements as they facilitate schedule coordination and an
increase of the usefulness of a trip planner. The second stage involves improvements that
can be implemented unilaterally by an agency and that imply relatively low costs.
Although no negotiations are required for each of these improvements to be
implemented individually, it is more likely that one agency would willingly accept the cost
of implementation if other agencies also agree to adopt their improvements. In other
words, even though no negotiation is required, a mutual commitment among agencies
would facilitate the materialization of the improvements. These improvements include the
provision of in-vehicle information (schedules for buses and announcements for trains),
en-route (real-time) information and schedule coordination to reduce transfer waiting
times. The last stage includes improvements that would require interagency negotiations
such as the creation of a web-based trip planner, the implementation of integrated fare
structures and the development of multimodal stations in high activity transfer points.
These improvements are more likely to be implemented if the previous stages have taken
place and all agencies recognize their commitment to integration. Table 6-2 summarizes
the previous strategies.
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Table 6-2: Connectivity improvement strategies
Type of improvement
Basic Unilateral Multilateral
e Provision of in-vehicle e Implementation of a trip
Re-alignment of bus routes to information about rail schedule. planner.
locate stops closer to rail stations. * Implementation of bus shelters * Reduction of transfer fares.
Bus for transfer stops. * Implementation of the same
Type of * Development of more detailed * Provision of real-time information span of service.
service schedules including estimated at transfer stops. * Commitment to particular
arrival times at transfer stops. * Schedule coordination headways (interurban services).
Integration to the Lurraldebus * Provide announcements of e Development of multimodal
Rail card. connecting bus routes available at stations.
each station. I
6.2 Future Work
This thesis was developed as part of a research effort between MIT and the Provincial
Council of Gipuzkoa (Diputaci6n Foral de Gipuzkoa - Gipuzkoako Foru Aldundia) for the
purpose of examining ways in which the quality of public transportation can be enhanced
in Gipuzkoa. Other research areas that are currently being studied under this collaborative
effort are the design of a performance-based contracting scheme for interurban bus lines
and the wide economic impacts of taking advantage of the unique opportunities brought
about by the High Speed Rail network of Spain into the Basque Country.
In the area of integration between local and regional services, studied in this
thesis, there is still room for further research. Perhaps the most important opportunities
for research in this area would come from the integration of rail services to the
Lurraldebus card. This integration, as pointed out through the thesis, would provide
information about the transfer patterns between rail and bus services in Gipuzkoa. In fact,
this real-time information could be used to address and study the following topics.
Impact of transfer elements in the overall quality of transfers:
The public transportation network of Gipuzkoa offers many situations in which two transit
options are available between the same origin and destination, one of them involving a
transfer. For example, a trip between Tolosa and the west side of San Sebasti n can
happen by either taking the express interurban bus route that connects these two
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municipalities (in which case a transfer is not required) or by taking RENFE and then
transferring to a urban bus route. Passengers' decision to take either option heavily
depends on the quality of the transfer. The availability of smartcard data on both services
allows for measuring how this decision would change if connectivity improvements take
place. Such measurement would provide the basis to determine the importance of the
respective transfer element enhanced. Moreover, such measurement could help to
redesign the overall public transportation network, perhaps following a hierarchical
approach, in order to improve its efficiency. This study would enrich the current literature
available on transit transfers, as the relative importance of the different transfer elements
is generally estimated based on passenger surveys rather than on passengers' actual
decisions (an exception is the study by Guo and Wilson, 2004).
Revenue and ridership impacts of integrated fare structures for interurban transit services
in Gipuzkoa:
The availability of detailed data on transfers between rail and bus services can be used to
propose and evaluate different combined fare structures for interurban bus and rail
services in Gipuzkoa. This process would be similar to that performed in chapter 4 to
propose fare integration strategies between interurban and urban buses in San Sebastian.
Initially, the implementation of free or reduced transfers could be examined. However, a
preferable approach would be to integrate the zonal fare structures and the zonal fares of
the different systems into a single one. With this approach, the fare would depend on the
origin and destination zones, irrespective of the number of transfers used to make the
trip. Clearly, the main hurdle to the implementation of such an approach would be the
agencies' concerns about changes in fare revenue, which is why the availability of detailed
data is important to produce reliable estimates of such changes, as a pre-requisite to
design new strategies leading to an integrated system.
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